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The subject of this investigation is the problem of the comparative morpho- 
logy of the mammalian carpus. This problem is still unsolved as there are two 
fundamentally different opinions on it. The widest divergence between the 
two opinions is the interpretation of the system of centrals in the mammalian 


carpus. According to STEINER (1922, 1942) the tetrapod carpus originally 


LA. 1952 Acta Zoologica 1952. Bd. XX XIII, 
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jtains four centrals (1922) arranged in pairs: a proximal pair consisting 
of a proximal radial and a proximal ulnar central, and a distal pair with 
the distal radial and the distal ulnar centrals. The centrals are thus said to form 
two parallel series or “radi” in the carpus. The mammalian carpus is. said 
not to form any exception to this rule. According to my paper ‘‘On the origin 
f the tetrapod limb” (1933) the original non-urodele tetrapod limb also con- 
tains four centrals, though arranged in another way: one proximal (Centrale 1) 
| a transversal series of three distal ones (Centrale 2, 3 and 4). The entire 
central system is carried by the intermedium. The components of this system 
ed more or less pronouncedly dichotomously. In addition, there are 
ther differences between the two theories, especially regarding the question 
1e ulnare, intermedium and radiale in mammals. 
The theory of STEINER has been accepted by SCHMIDT-E-HRENBERG (1942), 


Professor STEINER’s, who has applied it to different mammal 


The present investigation is based upon a fairly large body of material, 
including many precious specimens. Already in 1933 I planned to carry on 
extensive research work on the mammalian limbs, but other problems (“‘Head 
of fishes”) caught my interest and my plans were changed. Meanwhile I col- 
lected mammal embryos for the limb researches. The late Mr. Schofield provided 
ne with a large number of embryos from Ceylon, and the late Mr. Menden 


it together collections from Java. But I obtained the most valuable 


aterial when in 1950, on my visit to South Africa, my friend the late Pro- 
fessor C. J. vAN Dek Horst, of Johannesburg University, presented me with 
very beautiful, well-preserved collection of embryos of South African mam- 
als such as Eremitalpa, Elephantulus, Suncus, Bathyergus, Pedetes, Procavia 
and others. For this his great kindness and for my and my wifes three months’ 
stay with him and his wife at different places in South and East Africa (Johan- 


nes 


urg, Cap Town, Karroo, Krueger Park, the Zoological Station at Inhaca, 
Delagoa Bay, Hluhluwe National Park, South and North Rhodesia, Victoria 
Falls and elsewhere, my deeply felt gratitude now comes too late. His prema- 
1 deeply lamented passing means a great loss to his University, to the 
Zoological Science and to his friends. 

Finally I desire to express my deeply felt gratitude for the liberal grants 
bestowed on me by the Swedish Council of Natural Sciences and by the Zoo- 
tomical Institute of the University of Stockholm, the Director of which, my 
successor as Professor of Zoology, Dr Torsten PeHRsoN, has supported my 


work in many ways. I am very much indebted to him for his kind generosity in 


allowing me to use the resources of his Institute. 
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AN EMBRYOLOGICAL ANALYSIS OF THE MAMMALIAN CARPUS 


METHODS AND MATERIAL 


Young stages, before chondrification, have been studied in horizontal sections 
only. Stages after chondrification of the carpal elements have been investigated 
in horizontal as well as transversal series. rom the latter graphical reconstruc- 
tions have been made, series of photographs being used. The reconstruction 
method has proved to be of very great value not only for the identification of 
certain parts (prepollex, border cartilages), but also for the determination of 
the three-dimensional extension of the different cartilages. The thickness of 
the sections has varied between 10 and 25 u. The most useful were sections cut 
12 « thick. I have preferred to give photographic reproductions of the sections 
of the early embryonic hands to such drawings as those in which a number of 
sections are combined into one. This method leaves too much free play to sub- 
jectivity, in my experience. 

The fixation fluid mostly used was Bourns’s mixture. Some of the embryos 
belonged to older collections in the Zootomical Institute. The method of pre- 
serving of the latter was not always known, and was not always good, especially 
in regard to young stages. Many staining methods have been tried, but the Azan- 
Mallory method gave the best results.1 The Muci-carmine method of STEINER 
also yielded useful results. 

My material is the following 2 


Monotremata, Echidna hystrix. 11.2 mm (2 series). 
Marsupialia, Didelphys marsupialis. 18 mm. 

Didelphys azarae. 19 mm. 

Didelphys cancrivorus. 19 mm. 

Perameles sp. 15 mm. 

Macropus dorsalis. 18 mm. 

Insectivora, Tupaiidac. Tupaia tana. 9.3, 10.5, 12, 12.5, 13, 43 mm. 

Macroscelididae. Vlephantulus myurus. 9.9, 10, 10.2, I1, 12.5, 1 

17, 26 mm. 
Talpidae. Talpa europaea. 8, 9, 9.75, 10, 10.5, 15, 20.5, 24 mm. 
Soricidae. Suncus orangiae. 6.25, 6.75, 8, 9, 11.5, 18 mm. 
Sorex araneus. 8.75, 10.5, 14.5 mm. 
Erinaceidae. :rinaceus europaeus. 7, 11, 16, 27, 47 mm. 
Centetidae. Centetes ecaudatus. 9.5, 10, 13, 21 mm. 
IXriculus setosus. 13, 15, 18, 20 mm. 

As “blastematic” I have designed those rudiments, which by this method are stained red 
in the sections. As soon as the cells of the rudiments are surrounded with a thin blue 
membrane, the rudiment is characterized as prochondrial. 

2 This material includes all the sections on which Dr KrnpAut has based her investiga- 


tions (KINDAHL 1941—1949). I am most indepted to her for her courtesy of allowing me the 
use of these sections. 
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Chrysochloridac. Eremitalpa granti. 8, 9, 10, 12, 13.5, 19, 25 mm. 


hiroptera. | espertilionidae. Pipistrellus ceylonicus. 6.5, 7.5, 8, 8.5, 10 mm. 


inolophidae. Hipposiderus sp. 6, 6.5, 7, 7.5, 8, 9, 13 mm. 


Pteropodidac. Pteropus seminudus. 11.5, 12, 13, (15, 16) 1mm. 
Galeopithecidae. Galeopithecus volans. 18, 20, 23 mm. 
/-dentata. Pholidota. Manis tetradactyla. 8.5 mm. 
Manis pentadactyla. 17, 20 mm. 
Nenarthra. Dasypus six-cinctus. 9, 9.5, 10.5, 12.5 13, 15, 
23 mm. 
(Bradypus tridactylus. 18 mm). 


Rodentia. Duplicidentata. Lepus cuniculus. 9, 10, 10.5, 11, 15, 23 mm. 


Sim plicidentata. Caviidae. Cavia porcellus. 11, 12, 14, 16.5, 15 mm. 


Pedetidac. Pedetes caffer. 14.5, 10, 19, 20, 22:5, 25, 


Bathyergidac. Bathyergus janetta. 8.5, 9, 10, II, 20, 23 mm. 


Georhynchus capensis. II, 13.5 mm. 
Cryptomys anomalus. 16 mm. 


Vuridae. Lemmus lemmus. 19 mm. 


Mus musculus (albino mouse). 8, &.5, 9, 9.5, 10, 11.5, 12, 17.5 mm 
( Numerous series). 
Gerbillus afer. 10, 13, 15 mm. 


Sciuridae. Funambulus palmarum. 10, 12, 15 mm. 


Carnivora. Herpestoidac. Felis domesticus. 9, 10, I1, 14, 15.2, 17.5, 42 mm. 


\Viverricula malaccensis. [A, 35 mm. 


Pinnipedia. Phoca grypus. 19, 24, 84 mm. 


Protungulata. Procavia capensis. 12, 13, 14, 15, 18, 18.5, 19, 22, 45 mm. 
{rtiodactyla. Suidae. Sus domestica. 10.5, 11, 12, 13.5, 15, 18, 20, 21, 22.8, 23.2, 
24, 26, 32 mm and specimens 20, 30, 31 days after incubation (31 
vidae. Bos taurus. 13, 14, 14.5, 17, 18, 18.5, 20, 23.5 mm. 
Tragulidae. Tragulus memminna. 13, 33, 55 mm. 
Primates. Lemuridaec. Microcebus myoxinus. II, 13, 32 mm. 
Lorisidae. Galago moholi. 20, 40 mm. 
Nycticebus tardigradus. 32 mm. 
Tarsioidae. Tarsius spectrum. 8.5, 10.5, 13, 20.5, 35 mm. 
Anthropoidae. Cercopithecidae. Pithecus pilbricki. 10 mm. 
Macacus pileatus. 45 mm. 
Semnopithecus entellus. 10, 40 mm. 


minidae. Homo sapiens. 45 mm. 
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AN EMBRYOLOGICAL ANALYSIS OF THE MAMMALIAN CARPUS 


DESCRIPTIVE SECTION 
MONOTREMATA 
Echidna hystrix: Embryo 11.2 mm 


In this little embryo the skeleton of the hand is already strongly chondrified 
for adaptation to the fixation of the embryo in the marsupium. 

The radius and the ulna are strong, especially the former. The head of the 
radius meets the ulna medially, but the head of the latter extends furter distad 
than the radius. In the dorsal sections of the horizontal series the head (ulnare 
process) is separated from the rest of the ulna through a constriction and a zone 
indicating a secondary fusion of a separate “‘head” cartilage with the ulna 
(fig. 1). Below and partly somewhat distal to the ulnare process lies the big 
pisiforme. It articulates partly with the ulnare process, partly with centrale 4 
(ulnare of the authors). The (intermedium-) centrale 1 (“lunatum’’), when 
viewed in horizontal sections, 1s lenticular. Its proximal end is connected with 
the ulno-radial ligaments, and its distal end articulates with a big distomedial 
process on the radiale and with the ulnar portion of the head of the radius. The 
process of the radiale is turned dorsad, so that its tip reaches the dorsal surface 
of the carpus just in front of the distal end of (intermedium-) centrale 1. The 
process apparently represents either centrale 3 or centrale 3 + 2. The radiale 
(scaphoid) covers the main part of the head of the radius. Its disto-palmar 
corner runs out in a strong prepollex portion. Centrale 4 (the ulnare of previous 
authors) is a strong cartilage. Its proximal (radial) end nearly meets the 
proximal end of (intermedium-) centrale 1. Carpal 4 + 5 sends a strong process 


proximad along the medial border of centrale 4 to (intermedium-) centrale 1. 


ae 


Fig. 1. Carpus of Echidna hystrix. 11.2 mm. Horizontal section. Ulnare (uw) nearly free. 
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3 also reaches (intermedium-) centrale 1, but carpal 2 articulates with 
liale and the radial-palmar surface of its process. Carpal I is very inter- 

ting. It articulates with the radial corner of the radiale. On its palmar surface 
it carries a strongly developed process, which runs palmad just in front of the 
prepollex. It reaches as far as to the palmar surface of the hand. There it ends 
in a fairly large pad of prochondrial tissue, which forms a support to a carpal 
ball. This process and the pad represent a “radial border cartilage”. Its presence 


already in Echidna indicates its high morphological importance. 


Ewery has described the development of the carpus in Echidna. It may be 


gathered from the description that the process of the radiale earlier than in my 
11.2 mm stage is a more or less separate element, representing centrale 3 (or 


accessory bone palmar to the distal part of the radius head is 


apparently the distal pad of the ‘‘radial border cartilage” and is thus no radiale. 


MARSUPIALIA 
Didel phys 


Didelphys marsupialis has been studied by Scumipt-:HREN- 


BERG. She had at her disposal an embryo of 7 


mm body-length and a marsupial 
young stage of 11 mm. In the former a cell-band, ‘radius’, extending 
from the radial corner of the ulna in a disto-radial direction, was well 
pronounced and seems to be confluent with the rudiment of the radiale 
(her centrale radiale proximale + distale). In the picture there is a triangular 
field enclosed between the intermedium-centrale, the radiale and the carpals of 
the Ist to the 3rd and 4th fingers. Distal on this field there is a condensation, 
interpreted as the centrale ulnare proximale -++ distale, which represents the 
‘alia 2 and 3 of my interpretation. In the cell mass distal to the ulna the cen- 

ulnare) is already chondrifying. 
marsupial young the radial corner of the radius is prolonged palmad. 
This prolonged part ScHMIpT-I-:HRENBERG considers to be the “true radiale”’. | 
annot accept this interpretation. This prolongation of the radial corner seems 
} 
F 


+ 


adapt 


ation for the insertion of the ligamentum collaterale radii and the 
ligamentum radio-carpale volare (of the human anatomy). Moreover the mus- 


} 


culus brachio-radialis is inserted into this so-called processus styloideus radii. 


The strong development of this process may be related to the strong development 

of the ligaments. The “‘intermedium” | (intermedium-) centrale 1] 1s small. The 

radiale proximale + distale” of ScuMiptT-E-HRENBERG (radiale ac- 

terminology) has a strong medio-ulnar process, which is in- 

“centrale ulnare distale’”’. Carpal 1 has a palmar process, which 

connects direct with the radial corner of the radius. This palmar process is 
said to be a well-developed prepolle xX. 


The smallest youngs of Didelphys at my disposal were those of D. marsupalis 
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Fig. 2. Carpus of Didelphys marsupialis. 18 mm. Reconstruction. a) in dorsal view, b) seen 
from the radial side, c) from the ulnar side. 


Fig. 3. Carpus of Didelphys cancrivorus. 19 mm. Horizontal section. Ulnare (wu) separate. 


(18 mm), D. azarae (19 mm) and D. cancrivorus (19 mm). I have made three 
graphic reconstructions of the 18 mm marsupial young, one from dorsal, one 


from the ulnar and one from the radial side (fig. 2a—c). These are interesting 


in some respects. The ulna has a well-pronounced ulnare process, into the lower 
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Reconstruction. a) in dorsal, b) in palmar view, 


from the radial side. 
the rather large pisiforme is inserted. The pisiforme articulates 
very little with centrale 4. The latter is fairly large, tending to grow round 
the ulnare process on its medial, dorsal and ulnar sides. (In the 19 mm specimen 
rus it encloses the ulnare perfectly.) The (intermedium-) cen- 
al - large, with a somewhat narrow proximal and a broader distal! 
art. On the disto-medial part of the radiale a strong but narrow process extends 
the 3rd carpal. This process undoubtedly represents centrale 3 (+- 2). 
liale bends down laterally very strongly and sends out a thick prepollex 
in a disto-palmar direction. Carpals 4 + 5 and 2 are formed in the same 


| 
a 


s generally in mammals, while carpal 3 differs, as it sends out a broad 
rd metacarpal and in a distal direction. The Ist carpal 


“radial border cartilage’, which runs palmad just below 


carrit sa We ll develope: 


the skin and then turns mediad. It forms a support to a carpal ball. 


D. azarae behaves like D. marsupialis. D. cancrivorus is also very similar, but 


ila ventral t 3 
] 


some importance that the ulnare process of the ulna is separated 
3). However, 


from the rest of the ulna and forms an element af its own (fig. 
the separation may possibly be secondary and due to a reduction of the process 


in connection with its becoming enclosed in the growing centrale 4. 


Perameles sp. 15 mm 


Perameles (fig. 4) differs in some respects from Didelphys. The process of 


the radiale in Perameles is a separate centrale 3 (4-27). The prepollex is a 
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Fig. 5. Carpus of Macropus dorsalis. 18 mm. Reconstruction in palmar view. 


fairly long cartilaginous rod extending disto-palmad from the lower part of 


the radiale. The (intermedium-) centrale 1 consists of a broad distal portion 
which narrows proximally and enters between the ulna and the radius. This 
narrower portion is directed towards the ulna. Its surface is inclined proximad 
and palmad, so that its proximal end is situated on about a level with the lower 
surface of the ulna. Viewed from below, the proximal narrow part of the (in- 
termedium } centrale 1 is longer than when seen from above and is well 
delimited from the more platelike distal broad part of this cartilage. I consider 
the narrow part to be the intermedium and the broad part to be centrale 1. The 
first carpal has no “radial border cartilage”’. 


Macropus dorsalis 


My 15 and 18 mm specimens differ so little from one another that I can use 
the 18 mm specimen for them both (fig. 5). Centrale 1 is comparatively small. 
Centrale 4 and the radiale are sizable cartilages. The radiale consists of a narrow 
proximal part and a strongly developed disto-radial portion. As there are no 
separate distal centralia, it seems possible that they have fused with the radial, 
taking part in the formation of its bulkier disto-radial division. A strong pre- 
pollex is present. It enters the tendinous envelope of the big tendons of the 
flexor muscles of the hand and apparently strengthens this envelope. Super- 
ficially to the prepollex a radial border cartilage is developed in connection with 
the Ist carpal. 


INSECTIVORA 
Tupaiidae 
Tupaia tana (chrysura) 


The 9.3 and 10.5 mm stages do not differ much from the 12—13 mm stages, 
described below, except that the skeletal elements of the carpus are less chondri- 


fied (prochondrial or blastematic). 
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Horizontal section. 


8. Carpus of Tupata tana. 43 mm 
struction. Dorsal view. 


The carpus of the young stages (12—13 mm) demonstrates the carpal condi- 


diagramatic way (fig. 6, 7). Medial in the carpus are two 


distinct condensations (fig. 6), of which the proximal one is connected with 


lial corner of the ulna. This condensation is the intermedium. Disto- 


radially to this lies the other medial condensation, which constitutes centrale 1. 
The intermedium is connected with the already chondrifying centrale 4 (fig. 


with centrale 1. From centrale 1 a band of condensed mesenchym: 


istad towards the 3rd carpal, proximally to which the mesenchymatic 


alt 
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band connects with centrale 3. (fig. 7.) A centrale 2 develops radially to cen- 
trale 3. There is no connection between these two distal centralia with centrale 
4 (“ulnare’’). Centrale 1 connects up with the radiale. A prepollex rudiment 
is discernible. The prepollex of the 43 mm specimen is singularly large. h 
articulates with the ventro-distal corner of the radiale. The proximal portion 
of the prepollex is conical, and its tip extends into a wormlike cartilage rod, 
which reaches considerably distally to the joint between the 1st carpal and the 
Ist metacarpal. This rodlike part lies just below the skin. On its palmar border 
it expands into a broad thin triangular process, also situated close to the skin. 
This prepollex is developed in about the same way as the falciform bone in 
Talpa. In the 43 mm specimen (fig. 8), centrale 4 throws out a process proximad 
between the ulna and radius. This process apparently represents the inter- 
medium of the 12—-13 mm embryos. Centrale 1 joins the radiale and covers 
the ulnar half of the head of the radius. Centrale 2 and 3 are well separated, 
centrale 2 being larger than 3. There is no radial border cartilage. The pisi- 
forme of the 43 mm embryo articulates chiefly with the ulnare process and has 
only a small portion below centrale 4. 

The carpus of Tupaia resembles the carpus of lemurids (Galago). Compare 


77: 


Macroscelididae 
Elephantulus myurus 


The development of the carpus of this species has been studied by KinpAHL 
(1941). I have had an opportunity of studying her sections and can state that 
her descriptions are correct. Her statement that an intermedium is present in the 
11 mm stage is interesting. I also found that there is a condensation between the 
ulna and centrale 1. | found that it has a connection with centrale 1 and centrale 4 
(“ulnary blastema” in Kinpant’s description)!, The intermedium condensation 
preserves this connection in the 12.5 mm and later stages and ultimately (17.5 
mm stage) seems to form the most proximal portion of centrale 1. Centrale 1 
is connected with the rudiments of centralia 2 and 3, as described by KinpAHL ; 
however, these do not derive from the arch of the carpals, but from the central 
blastema. A rudimentary prepollex is present in the youngest stages, but in the 
17.5 mm stage no prepollex could be found, nor any “radial border cartilage”. 

In the 9.9 mm stage the radial, central and ulnar blastemas are well devel- 
oped. They are separated from the carpal arch by a fairly well developed clear 
zone. The carpal arch is complete, ranging from the Ist to the 4th + 5th carpal. 
The carpals are the quite blastematic basal parts of the digits. They are strongly 


1 In the stages 13, 21, 20 mm and in the adult animal KINDAHL identified centrale 
intermedium with intermedium and centrale 4 with ulnare. 
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Carpus of Elephantulus myurus. 
Horizontal section. Carpal arch 


proximal still blastematic. 


1 in the sections. In the 12.5 mm stage the carpals are chondrifying. This 


rrocess begins distal in the blastema in the wavy that a broad blastematic band 
remains proximally. This band (fig. 


dius” of SCHMIDT-E-HRENBERG’s descriptions. As the chondrification of the 
rpals proceeds proximad, the blastematic band becomes consumed successively 


This band is perfectly neopodial. 


10) is suggestive of the so-called 3rd 


reconstruction of the carpal conditions in a 17.5 mm 
is given. The pisiforme of this stage is very large and articulates 
with centrale 4 


le 4, contrary to the conditions in 7 upaia 


en 


details see KINDAHL’S paper 


l. 


Talpidae 


Talpa ecuropaca 


ment of the carpus of this species has been described by KinDAHL 
There is very little to add. In her 9.75 mm stage centrale 2 + 3 seems 


1 cartilages as in some sections there is an indistinct narr- 


oft two Tusec 


s outlines near its medial end. This condition, compared with a 
old embryo with separate centrales 2 and 3, makes KINDAHL’s 
vat this distal centrale consists of centralia 2 and 3 very plausible. 
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11. Carpus of Talpa europaea. 9.75 mm. Fig. 12. Carpus of Talpa europaea, 15 mm. Hori- 
Horizontal section. zontal section. C4 is ent in two portions. 


She is quite correct in considering that the falciform bone is a real prepollex, as 
it articulates with the radiale. To her description should be added the fact 
that a rudimentary “radial border cartilage” was found on the lower distal edge 
of the first carpal. 

The most important result of her investigation is the statement that the 
“head of the ulna” is well delimited from the rest of the ulna as a rounded 
cartilage (fig. 11). KINDAHL considers that this cartilage forms the true ulnare. 


It is also very interesting to note (in the 15 mm stage) the presence of a 


chondrifying separate intermedium (fig. 12), situated proximally to the proximal 


borders of centrale 1 and centrale 4, between the distal ends of the ulna and the 
radius. To supplement this statement of KINDAHL’s it may be mentioned that 
the rudiment of the intermedium is connected with centrale 4 in its early stages, 
but later becomes free from it and, chondrifying, fuses with the ulnar border 
of the head of the radius (fig. 13), there forming a distinct process (KINDAHL 
1942). 

Ina 24mm stage (fig. 14) the carpus is very broad, compressed in a proximo- 
distal direction. The head of the radius is very broad. On its ulnar side it has 
a distinct process, caused by the earlier separate intermedium fusing on to 
the radius. The ulnar head (ulnare process) is very long, extending in an 
ulno-distal direction. Pisiforme is inserted exclusively into the ulnare process. 
Centrale 1 and radiale become fused with one another. The very strong pre- 
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Reconstruction. Dorsal view. 
lex (os falciforme) is 


Soricidae 


Suncus orangiae 


5) chondrification has begun in most 
Exceptions are centrale 2 (and 3) and the “radial border 
‘he ulna is broader than the radius. The ulnare process of the ulna 
‘veloped. Centrale 1 is visible 


.25 and 6.75 mm (fig. 1 


between the distal ends of ulna and 
It is uncertain in these stages if there is an intermedium, but a con- 


ble part of centrale 1 enters between ulna and radius and joins the ulna 


proximal to the ulnare process. This portion of the 6.75 mm specimen is chondri- 
fying. In the 6.25 


but is m 


m and 6.75 mm stages the radiale covers the distal end of the 


edially in contact with centrale 1. Centrale 4 borders medially 
to centrale 1. Centralia 2 and 3 are not differentiated, but their location 


ndicated by a broad and fairly dense bridge between the palmar part of 


14 
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Fig. 15. Carpus of Suncus orangiae. 6.75 mm. Fig. 16. Carpus of Suncus orangiae. 
Horinzontal section. 8 mm. Horizontal section. 


Fig. 17. Carpus of Suncus orangiae. 9 mm. Reconstruction. a) dorsal, b) palmar view, c) seen 
from the radial side. 


centrale 1 and the 3rd carpal. From the first carpal issues the blastematic 
rudiment of a “radial border cartilage”. At first it tends radiad, then turns in 
a palmer direction, bending somewhat mediad. The pisiforme is not yet differen- 
tiated from the ulnare process. 


In the 8 mm (fig. 16) and the 9 mm (fig. 17) specimens the carpus is 


g. 
le 


already arranged in definite patterns. Centrale 1 is fused with the radiale. 
A typical prepollex is not present, but the proximo-volar corner of the radius 
is considerably prolonged. A distal central (centrale 2-++ 3) is present. It does 
not reach as far as to the dorsal surface of the carpus, and is only seen from 
the palmar side. It probably fuses with the third carpal, but that could not 
be ascertained. Centrale 4 is large. The pisiforme articulates chiefly with the 
ulnare process, but also with the proximal parts of centrale 4. Carpal 4+ 5 
has its usual proximo-radial process. Carpal 3 is also extended so as to come 
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into contact with centrale I. 


] aln ar side. The 


CaTllia’ 
iTtliag 


The distal centrale has therefore shifted to the 


Ist carpal is no longer in connection with the “‘radial border 
which has shifted proximad. It lies just below the skin. 


Sorex araneus 


a young adult (SCHMIDT-[-HRENBERG) the “intermedium” (centrale 1) is 
the “centrale radiale distale and proximale” (radiale). The distal 
to be fused with the compound cartilage. 
stage there are four proximal chondrifying centres in the 
side of the interosseal foramen. These are the radiale 
and the centrale 1 on the radial side and the intermedium and the centrale 4 


» 17) 
ul 


10 a 


a 


nar side. The centrale I contains apparently the distal centrals, which 
be answerable 


lder stam 


tds 


triangular process on the distal border of centrale 1 


[he centrale 4 and the intermedium fuse to one another. In 
the 10.5 and 14.5 mm 


n stages the carpus is chondrified altogether. The radiale, 
the centrale 1 and probably the distal centralia form a single piece and the 
m and centrale 4 another. 


It is noteworth 


intern 


1. 
whereas it 


that the intermedium of Suncus is fused with the centrale 1, 
s joined with the centrale 4 in Sorex. 


77, 
' I ¢ ‘ 
aa Fig. 18. Carpus of Sorex araneus. a) 8.75, b) 14.5 mm. Horizontal sections. 
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Erinaceidae 
Erinaceus europeus 


KINDAHL (1941) has described three stages (11, 16 and 47 mm) of the 
development of the hand in Erinaceus europeus. Later SCHMIDT-EEHRENBERG 
added a summary description of the hand of a badly preserved 7 mm specimen. 

Very little need be added to Kinpanv’s description. 

In the 11 mm stage the rudiment of centrale 1 is prochondrial proximally. 
Distally it passes over into a condensation of mesenchyme, which connects with 
the proximal end of the 3rd digit. In the 16 mm stage, here reconstructed, 
it is clearly seen that this condensation is the rudiment of a short palmar lamella 
belonging to centrale 1 and extending to the palmar border of carpale 3. This 
lamella may be compared with the distal centrale in Suncus, which is located on 
the palmar side. 

in the 16 mm stage (fig. 19) the prepollex is only represented by an insigni- 
ficant process on the disto-radial and palmar corner of the radiale. No radial 
border cartilage is present, but the so-called ulnar accessory cartilage may re- 
present an ulnar border cartilage. Its rudiment is found ulnad to the 4+ 5 
carpal. In a 27 mm specimen it is fairly large (IKINDAHL). In the 16 mm stage 
centrale I is fusing with the radiale. 


Centetidae 
Centetes ecaudatus 


KINDAHL (1941) has described two developmental stages of Centetes. The 
smaller of them, measuring 10 mm, has a paddle-shaped hand where the five 
fingers are present as mesenchymatic rods from the lower ends of which the 
carpals are about to be cut off. The ulna and the radius are in process of 
chondrifying; an ulnar, a radial and a central blastema are present. To this 
summary description of the 10 mm stage I would add here that the central 
blastema of a 9.5 mm stage (fig. 20) is developed from the radial corner of the 
ulna to the radial blastema, with greater density of the cell arrangement near 
the ulna. The central blastema is cut off from the carpals by the clear zone, 
which is always more or less pronounced between the radial blastema and the 
carpal arch. At the distal radial corner of the radial blastema issues the rudiment 
of the prepollex. The clear zone is very wide medially, and into this clear space 
the disto-radial part of the central blastema (intermedial string of Scumupr- 
ISHRENBERG) seems to extend with loosely arranged cells. This extension of 
the central blastema is the first rudiment of the distal centrales. The central 


blastema is more clearly delimited from the radiale than from the ulnare, in 
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ecaudatus 


section 


which the rudiment of centrale 4 is just about to become visible. (This condi- 
tion can be interpreted thus: centrale 4 is connected with the ulnar part of 


il 


1 as well as with the distal part of the ulnare +- pisiforme part of the 


investigated by Kinpaut all elements are chondrified. 


ind 


There is very little to be added to her description. As KinpauH already has 


pointed out, the ulnare process of the ulna is delimited from the ulna proper 


hy a fairly distinct zone of fusion. KixNDANL therefore concluded that a separ- 
ately formed u/nare is fused to the ulna. The distal centrale present at this stage 
of development is considered to be composed of centralia 2 and 3, the latter 
part behind the 3rd carpal being larger than the former (behind the 2nd carpal). 
A prepollex was mentioned. 

In order to get a clearer picture of the fully chondrified carpus, I have 
nade a graphic reconstruction of the carpus of a 13 (fig. 21) and a 21 mm 
(fig. 22) stage. In the latter centrale 1 (“‘lunatum’’) is rounded. In the 13 mm 
stage centrale I consists of a narrow proximal and a bulky distal portion. 
The narrow portion is the intermedium part, the bulky portion is the centrale 
1 part of the cartilage. Only one distal centrale is present, but it is situated proxi- 
mally to the 3rd and 2nd carpals and may therefore represent centralia 3 and 
2 fused to one cartilage. The radiale in the 13 mm (fig. 21) stage is rather 
narrow, bending radially down to the lower surface of the carpus, where it 


seein 


s to carry a very big prepollex. The prepollex is connected in some strange 
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Fig. 21. Carpus of Centetes ecaudatus. 13 mm. Reconstruction. a) dorsal view, b) seen from 
radial side. 


Fig. 22. Carpus of Centetes ecaudatus. 21 mm. Reconstruction. a) dorsal view, b) from 
radial side. 


way with the radiale. It runs at first straight ventrad, then turns abruptly 
dorsad and ends on a level with the posterior border of the 1st metacarpal, 
but distant from it, between it and the skin. There is some doubt about the 
real nature of this prepollex, as in the 21 mm stage a prepollex process is 
present in addition to the upward turned part of the 13 mm stage. This latter 
part of the “prepollex”” may be a radial border cartilage, which is combined 
with the real prepollex. This could not, however, be stated with any certainty 
in my material. 

SCHMIDT-E-HRENBERG has described the carpus of a 10 and a 13 mm embryo 
of [Temicentetes semispinosus. In the 10 mm stage the authoress demonstrates 
the 2nd, 3rd and 4th “radii”. The 2nd corresponds apparently to the central 


blastema described by me. The 3rd radius corresponds to the rudiment of the 


2nd and 3rd centrals together with the big rudiment of carpal 4 + 5, which 


in certain sections reaches the distal centralia also in Centetes (10 mm). The 
4th radius belongs to the neopodial carpal arch. In Hemicentetes two distal 
centralia are apparently present. The radiale is believed to be composed of 
two elements: the centrale radiale proximale and distale. The reason for this 
interpretation is that, in the combined picture of some sections, it is narrower 
at its middle than at its ends. Compare p. 33 where a similiar condition in 
Bradypus is discussed. 
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Ericulus setosus 


The carpus differs so little from that of Centetes that I need not describe 


it here, all the more so, as KinpAHL (1941) has given a good description of it. 


ight, however, point out that a “radial border cartilage”, though a very small 


one, is present. The prepollex is very large, articulated with the radiale. There 


apparently two distal centrals present. 'rom the low part of centrale I a 


tendinous string runs to the lower ulnar part of the radiale. There the string 


becomes cartilaginous and the rather small cartilage is here fused to the radial. 


This cartilage must be centrale 3. From it the string continues obliquely dorsad, 


swells up to a fairly big cartilage, proximal to the 2nd and 3rd carpals. This 


cartilage is centrale 2. 


Chrysochloridae 
Eremitalpa granti 


KINDAHL (1949) has devoted special attention to the development of the 
peculiar hand of the remarkable golden mole, of which a large embryological 


iterial was available. She had described the carpus in embryos of 9, 10, 12, 


19 and 25 mm body length. There is not much to add to this description. I have, 


however, had embryos of 8 mm body length. In these embryos the hand has 


only four fingers. There are no traces of a 5th finger. In such specimens there 


is a fairly broad clear space separating the neopodial arch from the proximal 


rpal series. In the latter, centrale 1 is remarkably large, intimately connected 


with a well-pronounced condensation of the mesenchyma, lying distally in the 


| 


istema. This condensation is the rudiment of centrale 4. On the radial 


side the centrale 1 blastema is more loosely connected with the radial blastema, 


where the radiale is about to differentiate. | could not find any rudiment! of 


distal centrals in the young stages. 


In the youngest stages a prepollex rudiment is present. There is no “radial 


border cartilage’. In the Eremitalpa embryos the development of the so-called 
third bone of the antebrachium”’, i.e. the tendon of the musculus flexor digi- 
torum communis, can be followed. This tendon divides distally into portions 
for the different fingers, but the portion that runs to the extremely strong third 
rer is much thicker than the other parts of the tendon. In embryos of 12 mm 
body length the tendon is quite tendinous, but in the 13 mm stage the tissue 


ready changing into fibre cartilage. In 19 mm the fibre cartilage is changing 
into hyalin cartilage, and in 25 mm animals the tendon is quite hyalin. Later 


minology, calling 
e intermedium and centrale 4 the ulnare. This must be due to a lapsus calami, 
] ] f the foot of the 
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23. Carpus of Eremitalpa granti. 13.5 mm. 
Reconstruction. Dorsal view. 


this cartilage ossifies, but I have not followed the development farther than to 
the 25 mm stage. The anterior portion of the tendon has, however, a quite 
fibrous insertion part. 

In a reconstruction of the carpus of a 13.5 mm stage (fig. 23), presented 
here, the following particulars are of some interest. The head of the radius 


is very broad. The big centrale 1 has a fairly narrow proximal process entering 


between the ulna and radius. This process is very suggestive of an inter- 


medium. The radiale is large. It carries a prepollex process on its lower 
border. Centrale 4 is unusually small. The ulnare process of the ulna is narrow. 
In the 12 mm stage it is almost detached from the ulna, and in the 13.5 mm 
stage there is a distinct limit between the process and the ulna. The 1st meta- 
carpal articulates with a separate carpal 1, but the second metacarpal articu- 
lates with the radial as well as with a very big carpal 2-+- 3. Connected with 
the ulnar border of this carpal is a small cartilage, which most probably repre- 
sents a distal central. The 3rd metacarpal articulates with carpal 2+ 3. Ulnar 
to the distal central lies a small 4th carpal. There are no traces of a 5th finger. 


Vor details concerning the hand skeleton see KINDAHL (1949). 


CHIROPTERA 


ScHMIDT-EHRENBERG has given descriptions of an 8 mm and a g mm stage 
of a species of Molossus, a Noctilionid. In the 8 mm stage the carpus is very 


little advanced. The ‘“‘intermedial string” (2nd “‘radius”) was weakly developed, 
not very conspicuous. It is:said to end in the rst finger. rom the rudiment 
of the ulna a mesenchymatic mass extends to the 4th and 5th fingers. In the 
g mm stage the carpus was chondrified. A small “intermedium” is found on 
the ulnar part of the articular head of the radius. Distally to the radius lies 


a large cartilage — the “centrale radiale proximale and distale’. The “centrale 


ulnare distale” is joined on to the former. A “centrale ulnare proximale”’ is said 


‘ 


to occur between the ‘“ulnare’, “intermedium” and carpal 4. The pisiforme 
is said to be located near the ulnar border of the hand, rather widely separated 


from the head of the ulna. 
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Horizontal sectio1 


Unfortunately I had no MWolossus embryo at my disposal, but I have studied 
the carpus of Pteropus, Hipposiderus and Pipistrellus. 1 shall begin my descrip- 


tion with Pipistrellus ceylonicus as my material of this species is the best. 


Vespertilionidae 


Pipistrellus ceylonicus 


1 embryo the radius and the ulna are oblong blastematic conden- 


+ 
Sations 


in the mesenchyma. They both end distally with a rather diffuse conden- 


sation, of which the ulnar reaches the neopodium. From the disto-medial part 


of the ulnar condensation a somewhat condensed part extends towards the 


lastema (this is the 2nd ‘‘radius” of SCHMIDT-EHRENBERG). The neo- 


m is but very little developed, consisting of the 4th finger rudiment, which 
reaches the ulnar blastema and the rudiments of the 3rd and 2nd fingers, which 
form isolated islands in the mesenchyma, without reaching the archepodium. 
he 7.5 (fig. 24) and 8 mm stages an almost typical general arrangement 


components is attained. The head of the already reduced ulna is 
covered by a layer of blastematic tissue radio-distal to which is seen a small 
prochondrial rudiment of centrale 4. This rudiment is connected radially with 


field of condensed blastema (centrale 1), which is connected radially with 


ce 
4009 
a Fig. 24. Carpus of Pipistrellus ceylonicus. 7.5 mm. EL 
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Carpus of Pipistrellus ceylonicus. 10 mm. Reconstruction. a) dorsal, b) ventral, 
c) radial view. 


a cell mass covering the distal surface of the radial growth zone. This cell 
mass is chondrifying in its radial portion, forming the radiale. From centrale 1 
a tongue of condensed mesenchyma is sent out distad to the 2nd and 3rd 


carpals, crossing the clear zone between the neopodium and the archepodium. 


At the radial end of this tongue is located a chondrifying body. This body is 


centrale 2-+- 3. The carpals of the second, third and 4th-+ 5th fingers are 
chondrifying, but that of the first is still blastematic. In the ulnar part of the 
carpus distally to central 4 is seen a strong condensed, not prochondrial, body 
of mesenchymatic cells. It is connected with the palmar surface of the carpal 
arch by means of a mesenchymatic band, so that it has the appearance of being 
a supernumerary carpal. The mesenchymatic band could be traced to the lower 
surface of the first carpal. It is the rudiment of the ulnar border cartilage. In 
these embryos there is no trace of any rudiment that could be considered to 
be a pisiforme. The “pisiforme” described by LeBoucg must be the rudiment 
of the big tendon, which runs to the 4th finger and, decreasing in strength, 
follows it to the tip of the finger. ScHMipT-E-HRENBERG says: “Eine auffallende 
Lage weist das Pisiforme auf: Es ist sehr stark gegen den ulnaren Rand der 


Extremitat hinaus gedrangt und befindet sich nun en ganzes Stuck weit von 
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Fig. 26. Carpus of Pipistrellus ceylonicus. 10 mm. 
Transversal section. 


dem Ulnare entfernt an der ulnaren Ecke des Ulna-Kopfes (vergl. LeBnoucg 
lhe interpretation of the carpus of Pipistrellus becomes fairly clear when 


study the reconstructions of a 10 mm specimen reproduced in the figures 


In this specimen the 5th finger has already turned in a proximal direction. 
radius is very strong with a rounded head, the ulna is reduced to a thin 
inter thickening somewhat distally. On the tip of the ulna two cartilages 
viz. one radially to the tip and one ulnad to the first mentioned. 

The interpretation of these two elements is not certain, but as both of them 


iil 


develop in connection with the central blastema I must assume that the proximal 
f tl is a small true intermedium and the distal one a very reduced centrale 4. 
Distally to the head of the radius lies a big centrale 1, with centralia 3 and 2 


as well pronounced protuberances on its distal margin. Radial to centrale I 1s 


i\ 


lly well-separated radiale with a well developed prepollex. On the pal- 


is not separated from centrale 1. A very striking struc- 
mar side of the carpus begins with the rst carpal, from which 
of tendon (later chondrifying) issues. This chord crosses over the 


surface to join a big cartilage plate into which the strong tendon of 


or rod ulnad until it reaches the 5th metacarpal (fig. 26), against which 
ids. The plate has a short connection with the carpal of the 3rd finger. 
is, to begin with, tendinous; later it chondrifies and finally ossifies, 

it is strongly attached to the carpals. This apparatus is devel- 


mesenchymatic band, which in young stages connects the Ist carpal 


late probably represents the ulnar border cartilage, which 


forms the support of an ulnar carpal ball. In the bats, 


iiil 


- are no carpal balls, this ulnar border cartilage has shifted dorsad, 
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Fig. 27. Carpus of Hipposiderus sp. 8.5 mm. Horizontal section. 


entering the palmar transversal ligament!), there forming a strong skeletal 


part for the insertion of forearm muscles (flexor muscles of the hand). The 
insertion of the transversal ligament into the Ist carpal may indicate that a radial 
border cartilage is present at the radial end of it. Obviously this strong pal- 
mar apparatus must have developed in consequence of the conversion of the 


hand into a wing. 


Rhinolophidae 
Hipposiderus sp. from Ceylon 


In the 6 mm stage the carpus is slightly more advanced than in the 6 mm 
stage of Pipistrellus. The central blastema forms a thick “radius”, extending 
from the radial corner of the ulna to a level with the prepollex. It thus does 
not cut through the clear space between the radial blastema and the carpal 
arch. The fingers are all present as blastematic condensations in the mesen- 
chyme. The ulnar blastema is undifferentiated. 

In the 7, 7.5, 8 and 8.5 (fig. 27) stages the head of the radius increases 
with a wide zone of growth. Distally to this zone the radiale with the rudi- 
ment of the prepollex is chondrifying. The central blastema is proximally wed- 
ged in between the ulna and the radius. Distally it sends out a big blastematic 


1 This entering of the ligament is analogous with the entering of prepollex in the 
transverse carpal ligament, for instance in Macropus (p. 9). 
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| Hipposiderus sp. 13 mm construction. a) dorsal, b) ventral view 
lla in a disto-radial direction. This lamella covers the distal surface of 
radiale. On the ulnar side the central blastema is connected with the ulnar 
blastema, in the distal part of which centrale 4 subsequently will develop. On 
outside of the ulnar blastema and partly ventral to it the swollen head 
the ulna seems to contribute with a rudiment, which probably corresponds 
to a small pisiforme. Between the rudiment of the 4th + 5th carpal and the 
locus of centrale 4 lies the well-developed rudiment of the ulnar border carti- 
lage which is so strongly developed in Pipistrellus. As in Pipistrellus, this 


rudiment is connected by means of a strong mesenchymatic strand with the 


surface of the carpus. 


The picture which is given here of the carpus of a 13 mm (fig. 28a, b) 


Hipposiderus corresponds closely to the conditions in the embryos of 8—8.5 mm 
body length. The strong distal development, especially of the distal part of the 
of the radius, has caused the central complex and the radiale to be 

The head of the radius is covered by the central complex 

- radiale. On the palmar side the radiale and centrale 1 are well separa- 

m one another, but on the dorsal side they form a unit. On the medial 
(morphologically distal ) border of the central complex two protuberances be- 
tween the 1st and 2nd and the 2nd and 3th carpals respectively indicate centra- 
lia 2 and 3, which are formed in complete connection with centrale 1, which 
is proximally wedged in between the ulna and the radius. Centrale 4 enters 
with a short tip between centrale 1 and the tip of the ulna. Ulnad centrale 4 
widens and reaches carpal 4-+ 5. On its outside a small portion of cartilage 
is connected with it. This cartilage may be a pisiforme. The rudiment of the 
“ainar border cartilage” is a big oblong cartilage, the ulnar end of which 
is bent upwards to rest partly upon carpal 4+ 5, partly upon the basis of 
metacarpal V. From the radial end of the cartilage issues a strong ligament, 
vhich after crossing over the carpus joins the distal end of a cartilage rod, 


probably representing a “radial border cartilage”, that has become freed from 
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. 29. Carpus of Pteropus seminudus. 7 mm. Horizontal section. 


carpal 1 and shifted to a position outside the proximal portion of the radiale. 
It is obvious that this cartilage rod is not the prepollex, as a big prepollex 
is simultaneously present on the lower side of radiale. The ulnar border carti- 
lage, the cross ligament and the radial border cartilage apparently correspond 
to the palmar apparatus in Pipistrellus. But there are some differences. In 
Pipistrellus the ulnar border cartilage serves as insertion organ for strong 
muscles and tendons, only a few running dorsally to it to the fingers. In Hippo- 
siderus the apparatus is free from such insertions, the tendons for the fingers 
passing dorsally to it. Whereas in Pipistrellus the radial end of the transversal 
ligament is inserted into the Ist carpal, in (ipposiderus it is inserted into the 
radial border cartilage. Thus it is possible, that the radial end of the transversal 
ligament of Pipistrellus is also a (reduced) radial border cartilage, as in fact 


was supposed previously. 


Pteropodidae 
Pteropus seminudus 


The embryos of this species (fig. 29) at my disposal are already too old for 
a study to be made of the early development of the carpus. But I have made 
reconstructions of the carpus of a 12 (fig. 30) and a 13 mm (fig. 31 a, b) stage. 
These reconstructions give a fairly good picture of the general arrangement. In 


these stages the 5th finger has not yet turned proximad. In the 12 mm stage 
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30. Carpus of Pteropus seminudus. 12 mm. 
Reconstruction. Dorsal view. 


ninudus. 13 mm. Reconstruction. a) dorsal, b) ventral view. 


) the radiale is completely separate, extending radially outside the head 


A blastematic prepollex is present, articulating with the lower 


rder of the radiale. The centrale complex, excepting centrale 4, forms a unit 


radially to the head of the ulna and extending transversely parallel 

- of the radius. This is centrale 1, possibly comprising also 

in its ulnar part. On its distal border this big transverse car- 

has two well discernible protuberances, one of which reaches distally to 
the space between the 1st and 2nd carpals. This process is centrale 2. The other 
extends to meet carpal 3. This is centrale 3. Centrale 4 is separate, lying distally 
- ulnar head. The ‘‘ulnar border cartilage” is still mesenchymatic. It is a 
rudiment, inserted into the palmar side of carpal 4 + 5 and extending in a 


lial direction to below the 2nd carpal. No radial border cartilage was ob- 


3 mm stage (fig. 31.a,b) the radiale has fused proximally with the 
le complex, centrale 2 having apparently joined carpal 2 and centrale 3, 
al 3. These fusions seem, however, to be only temporary, since in the adult 
carpus there are no such fusions. Centrale 4 is still separate. On the palmar side, 
the ulnar border cartilage is situated below carpals 2 and 3 (fig.31b). In the adult 
it ossifies and fuses with these carpals, and also with carpal 4 + 5. A strong liga- 


ment passes from the radial border of the “border cartilage” to the radiale, where 
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Fig. 31. Carpus of Pteropys 
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Fig. 32. Carpus of Galeopithecus volans. 18 mm. Horizontal section. 


it is inserted distally into the prepollex. The head portion of the ulna is well 


developed, fused on to the ulnar corner of the radius. The proximal part of the 


ulna is strongly reduced and is only present distally as a narrow splinter. 


GALEOPITHECIDAE 
Galeopithecus volans 


The carpus of Galeopithecus is very similar to that of Chiroptera. The head 
of the radius is very broad and the distal end of the ulna is not much more 
developed than that of the bats. In the 18 mm (fig. 32) stage it has a rather 
narrow clublike prochondrial ulnare process (fig. 32), which in the one carpus 
of a 23 mm stage was chondrified, forming a small separate ulnare cartilage. 
(In the other carpus of the same specimen it was chondrified together with the 
ulna.) Radial to this cartilage lies a strong rudiment of an intermedium which, 
however, later fuses on to the ulna. In front of and below the ulnare process lies 
the rather large pisiforme, which 1s developed with its greatest dimension in a 
dorso-palmar direction. The radiale-centrale complex is very broad, extending 
along the distal border of the head of the radius. Centralia 2 and 3 are well 
developed, fused to one another and to the centrale 1 portion of the radiale- 
centrale. This central portion is rather small, whereas the radiale portion is broad 
but short. Centrale 4 is a large cartilage, the proximal end of which is connected 
with centrale 1. The radiale proper is a thin cartilage widening somewhat radially. 
A long prepollex is present. ‘rom carpal I issues a short radial border cartilage, 
which connects with the basal part of the prepollex. 

In the 23 mm stage (fig. 33) all cartilages are more voluminous, but their 


general arrangement is not altered. I therefore refrain from describing this 
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Fig. 33. Carpus of Galeopithecus volan. 
23 mm. Reconstruction. Dorsal view. 


tage, referring only to figure 33. I would, however, point out the great measure 


a 


f agreement between this carpus and that particularly of younger stages ot 


Ol « 


EDENTATA 
Pholidota 
Manis tetradactyla 


A single embryo (8.5 mm) is available. Rudiments of four fingers are pre 


sent. The third finger rudiment is extremely strong compared with the others. 


The sth finger is not represented even as a rudiment. The radial blastema is 
rentiated. No prepollex rudiment could be discerned. The central 

ma extends from the ulna to the radial blastema. As to its further be- 
-, my sections give no clear picture, but so much is certain, that the cen- 
blastema has not the shape of a “radius” but is expanded upon the radial 


as upon the ulnar side, filling almost the entire space proximal to the 


Manis pentadactyla 

Of Manis pentadactyla I had only one young (17 mm) embryo (besides many 
Ider ones). The carpus of this 17 mm specimen was reconstructed (fig. 34). 
. head of the cylindrical radius is cut off obliquely with a fairly protruding 

1 corner. The head of the ulna is broad and flat, cut off squarely distally, 
with a small ulnare process (styloid process) all round very distinctly out- 
lined. The square-cut outline of the ulna corresponds to the gently sloping radial 
end of the ulna in other mammals. The radiale is small and compressed, without 
prepollex. Centrale 1 is an oblong cartilage extending from the radial corner of 
- ulna in a direction towards the 1st carpal, which, however, it does not reach, 


a centrale 2 being interposed. The big 3rd carpal, corresponding to the very 
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Fig. 34. Carpus of Manis pentadactylus. 
17 mm. Reconstruction. Dorsal view. 


strong third finger, may perhaps contain a centrale 3 in that part which borders 
on the distal surface of centrale 1. Centrale 4 (“‘ulnare’’) lies at the ulnar border 
of the carpus. It has a proximal part which articulates with the ulna just radially 
to the ulnar process. It does not seem impossible that the proximal part of cen- 
trale 4 is the intermedium. (Compare the rodents.) The pisiforme is small, 


chiefly articulating with the ulnar process of the ulna. 


XNenarthra 
Dasypus six-cinctus 


ScuMIptT-[-HRENBERG had a fine series of embryonic stages of Dasypus hybri- 
dus at her disposal, and she describes the carpus of 6, 8, 8.2, 10, 12 and 26 mm 
specimens. Of these stages the three first enumerated contain the early devel- 
opment of the carpus, from which it may be gathered that a radial and an inter- 
medial ‘‘radius” are present in the 6, 8 and 8.2 mm stages. In the 10 mm stage 
has been added a 3rd “radius”, which “bogenformig angelegt ist und gegen den 
vorderen Rand der Extremitat mit dem zweiten Radius wieder zusammentrif ft”. 
This 3rd “radius” thus belongs to the carpal arch and not to the archepodium. 

In the 12 mm stage the essentials of the carpal elements are formed. A radiale 
is said to develop in connection with the radial corner of the radius and a pre- 
‘intermedium” is said to be connected radially 


pollex is ascribed to it. A very big 
with a “centrale radiale proximale” and this latter with a “centrale radiale 
distale”. A “centrale ulnare distale” is described, situated proximally to carpals 
2 and 3. The 5th finger is strongly reduced, issuing from the “ulnare”’. 


In the 26 mm stage the complex of the “‘centralia” has fused to a single square- 


cut cartilage. The metacarpal of the 5th finger is connected with the ‘“‘ulnare”. 


My 9 and 9.5 mm embryos answer closely to the 6.8, 8.2 and 10 mm embryos 


of Scumipt-EnrenBerc. No indication of the presence of a third ‘‘radius” could 
be found. In my 10.5 mm embryo the essentials of the carpus are obscurely 
suggested. From the distal surface of the future centrale 1 a rather diffuse 
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expansion towards the space between the 2nd and 3rd carpals is present. This 
process may contain the rudiment of distal centralia or at least the ulnar of 
them, centrale 3. Another extension of the central blastema is clearly discernible 
on the ulnar side of the foramen intercarpale. It is directed towards the 4th and 


5th digits and represents centrale 4 or at least a connection with this centrale. 


This centrale, however, seems also to have a connection with the ulnare process 


of the ulna. 


2.5 mm specimen the carpus has developed like that of the 12 mm 


pretation of the carpal conditions differs from hers. 

The “‘radiale” of ScuMipt-EHRENBERG is the radial corner of the radius, which 
grows out in a disto-radial direction, and the prepollex which is said to belong 
to this ‘‘radiale” is no prepollex at all, but the ‘‘radial border cartilage”, of which 
the distal end lies close to the true radiale, which has developed distally to the 
radius. On this radiale the prepollex is inserted into its radial-palmar corner. 
In horizontal sections through the hand the prepollex is found to be medial to 
the “radial border cartilage’. The connection of the latter with carpal is clearly 

n already in the 12.5 mm stage. The radiale of my terminology is considered 

y ScuM1pt-EnRENBERG to be composed of two radial “centralia” (Ce.r.pr. and 

.). The ulnar of these components is pictured as blastematic (or prochondrial), 

radial as chondrified or chondrifying. In my sections of the 12.5 mm stage 

‘same can be seen, but the blastematic ‘Ce.r.pr.”” is a growth zone to which 

chondrification from the ‘“Ce.r.di.”” subsequently extends, so that in the 
stage the chondrified ‘‘intermedium” and the “Ce.r.di.”, now perfectly 

1, are in contact with one another. The “Ce.r.pr. and di.” thus form 
radiale. The big “‘intermedium” corresponds to my Ci. The 

u.di.”, which is cut off from the central blastema, is probably my C3. The 
possibility is, however, not excluded that the cartilage in question is composed, 
and C3. The ‘‘ulnare’’, described by 1s undoubtedly 
But this centrale 4 is, in the 15 mm stage, composed of two distinct well- 
d centres, a medial, bending in at the radial side of the ulna, and an 
running in an ulnar direction towards the ulnar border of the carpus. 
liments of these two centres are already discernible in the 12.5 mm stage, 
ning very distinct in the 15 mm stage. The first-mentioned of these car- 

‘true intermedium, the latter is centrale 4. Centrale 3 is fused with 
the radiale. The ulnare is represented by the ulnar process of the ulna, on the 
lower side of which the strong pisiforme is placed. 

he reconstruction in fig. 35 the carpal elements of a 23 mm embryo are 
illustrated. It is not necessary to give a full description of this carpus. I would 
order cartilage’, which is present simultaneously 


- pisiforme has widened its basis, so that it has acquired 
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Fig. 35. Carpus of Dasypus six-cinctus. Reconstruction. a) dorsal. b) radial view. 


an articular facet with centrale 4. The intermedium has become perfectly fused 
with the centrale 4. The growth zone of the radial corner of the radius has re- 
sulted in a well-pronounced processus styloideus radii, which has nothing to 
do with the prepollex. 


Bradypus tridactylus 


UrsinG (1937) has described stages of the development of the hand in six 
embryonic stages. The stages, however, are too old to permit an analysis of the 
early development of the hand, the youngest stage being 18 mm long. In this 
stage the fingers are already well developed and their skeletal parts so well deter- 
mined that a reconstruction could be made. From his descriptions it is very clear 
that the carpus does not differ very much from that of Dasypus. A distal centrale 
is obviously connected with the radiale. Centrale 4 has a portion entering between 
centrale 1 and the ulna—perhaps a rudiment of the intermedium. The “‘scaphoid” 
(radiale) is said to be composed of two centres. It is a rather thick, somewhat 
bent, mass of prochondrium. Serial sections show that those going through the 
convex part of the prochondrial body have a uniform structure, but those at the 


concave side contain two “‘‘centres” of chondrification. from this URsING con- 


cludes that two elements are here joined already in a prochondrial stage. But 


‘ 


the observation is not conclusive, as the two “‘centres” must arise in horizontal 
sections which at the concavity pass over into more or less transversal sections 
of the jutting-out parts on the sides of the concavity. At the concavity the sec- 
tion has gone through a more immature peripheral pro-cartilage at the sides of 
it through more mature cartilage. URSING’s result thus cannot be used as evidence 
in support of the assumption that the scaphoid (radiale) is composed of two 


units. 
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Fig 


30. Carpus of Lepus cuniculus. 11 mm. Horizontal section. 


RODENTIA 
Duplicidentata 


Lepus cuniculus 


In the younger stages of development (Q—10.5 mm) no differentiations in the 


arpus are met with other than the three blastemas: the ulnar, the radial and 


the central. The latter has developed as an indistinct “radius” between the disto- 


radial part of the ulna and the radial blastema. Finger rudiments are present 


in an increasing stage of development. In the 10.5 mm stage, however, the carpal 
ls of the rudiments have not yet met fully to form the carpal arch.! 


Ol 


In the im (fig. 36) stage the still strongly diverging ulna and radius are 
chondrifying. The ulnar blastema is quite undifferentiated. In the radial 
| 


which is the distal continuation of the radius, a thin distal portion is 


about to become prochondrial. This is the radiale. On its radial margin a fairly 
large prepollex rudiment is very conspicous. The distal corner of the radius 
protrudes somewhat in a disto-radial direction, but the prepollex rudiment has 

ing to do with this corner. The central blastema, which in earlier stages 
ped as a broad band connecting the ulna with the radial blastema, now 


IS1StsS Of 


f a triangular body, of which the proximal corner enters between the 


hours after incubation, the 10 mm 

3 d. 12 hrs., the 11 mm after 14 d. 15 hrs., 
stage after 18 days and 11 hours. These are the 
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Fig. 37. Carpus of Lepus cuniculus. 15 mm. Horizontal section. 


ulna and the radius. This part has an extension on its ulnar side, which reached 
the radial corner of the ulnar blastema. On the radial side, the central blastema 
meets the prochondrial radiale and its surrounding blastema. The two blastem- 
atic parts cannot here be demarcated from one another. Eventually the central 
blastema extends distally to the very strong carpal arch, where its extension is 
found proximal to the 2nd and 3rd carpals. This part of the central blastema 
forms proximally centrale 1 and distally the distal centrale (centrale 2 +- 3). 
Centrale 2 + 3 is about to become. prochondrial or chondrified, whereas cen- 
trale 1 is still quite blastematic. 

In the 15 mm stage (fig. 37) the carpal elements are chondrifying. The system 
of centralia, that is developed from the central blastema, is now easily deter- 
minable. Centrale 4 is a bent structure, of which the medial part is found on 
the inside of the head of the ulna, where it is connected with the proximal part 
of centrale 1 and with the ulna. The proximal part of centrale 4 is probably the 
intermedium (compare Bathyergus and Pedetes). Centrale 1 is a large structure. 
At its distal outline it is connected with the oblong centrale 2 +- 3, the two 


components of which, however, are only obscurely determinable. They are 


located proximally to carpals 2 and 3. In later stages these centrals are com- 
pletely fused on to one another. 

It would serve no purpose to follow the further development in detail and 
we shall therefore proceed to give some account of the carpal conditions in a 


stage at which all parts are strongly chondrified but still retain some embryonic 
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arp ] 


pus of Lepus cuniculus. 23 mm. Reconstruction. a) dorsal, b) radial view. 


conditions. In the 23 mm stage, here reconstructed (fig. 38), the carpus is 
short and broad. The centrale 1 is dorsally extended in a disto-radial direction, 
covering the medial half of the head of the radius. This centrale has a big plate- 
like palmar extension, directed toward the level of the palmar part of the 


This extension here meets the “ligamentum carpi radiatum”. 
Imar extension of centrale 1 corresponds to the palmar lamella which 
Jus is fused on to the palmar part of the radiale, as will be described later. 


adiale covers the radial half of the head of the radius. The prepollex is 
strongly developed like a hook. There is but one distal centrale (2-+- 3), lying 
between carpals 2 and 3. Centrale 4 proximally bends sharply towards the ulna. 
This proximal portion of centrale 4 is probably the intermedium. The pisiforme 
articulates exclusively with the ulnare process of the ulna. 

A radial border cartilage is present. It is connected with the most proximal 


f metacarpal 1, and ends distally with a mesenchymatic lamella below 


small radial carpal ball. Emery (1890) has already described this structure, 


but he has mistaken it for the prepollex. As already mentioned, a well-developed 
prepollex is simultaneously present. 


Simplicidentata 
Caviidae 
Cavia yrcellus 


I-HRENBERG has made a special study of the early development of 
8, 6.3, 9.2 and 11 mm stages. To these were added a 13.5 and 

| have had three 11, two 12, one 14, two 16.5, two 18 and one 

s at my disposal. My 11 mm stages (fig. 39a) could be described 

ll as far as regards the archepodium in the following way: Distal to 
blastema with a not particularly well marked prepollex 


liment, located in the usual way at the disto-radial corner of the blastema. At 


is a radial 


distal end of the ulna an ulnar blastema is present, and between these two 
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Fig. 39. Carpus of Cavia porcellus. a) 11, b) 12 mm. Horizontal sections. 


blastemas lies a strong central blastema, which extends from the ulna towards 
the radial blastema. It has a more or less triangular extension towards the bases 
of the first, second and third digits. This part of the blastema thus breaks 
through the space that is poor in cells and which generally separates the carpal 
arch from the archepodium. The 2nd ‘‘radius” of ScHMIpT-EHRENBERG is by 
no means so well defined in my sections as in the picture published by Scumipt- 
I;HRENBERG, In the 12 mm stage (fig. 39 b) the field proximal to the carpal 
arch includes two condensations. But they are still so indistinct that they are not 
more than suggested. In the 14 mm stage (fig. 40a), however, they are very 


distinct, as they are separated from the carpal arch by a fairly cell-free zone. 


In this stage they are clearly connected with the rudiment of centrale 1, which 
arises from the “2nd radius’. The radial of them is located proximally to the 
2nd digit, the ulnar proximally to the 3rd. A third condensation situated ulnad 
to the ulnar belongs to the carpal arch and represents a proximal process of the 
blastematic carpal 4 + 5. The two first-named condensations are the rudiments 
of centralia 2 and 3 respectively. 

At the radial distal corner of the centrale 1 the radiale is developing as a 
prochondrial, slightly chondrified piece. At the distal end of the ulnar blastema 
centrale 4 is also prochondrial. The pisiforme is developing from the still fairly 
undifferentiated ulnare process. 

SCHMIDT-I-HRENBERG has described and illustrated four “radii” in the 13.5 mm 
stage of Cavia. The picture in question does not agree with any of my series. I 


have therefore studied my material with very great care in order to arrive at 
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us. a)14, b) 16.5 mm mtal sections. 


explanation of Scumipt-EHRENBERG’s statements. My 14 mm. stage is the 

itable for this study, as the parts of the carpus in it show up in almost 
ramatical way. As | always have found the Ist and 2nd “radii” principally 
not in detail) present in sufficiently young embryos, and as the 4th 1s 


iCdail 


learly neopodial, containing the carpals 3—5, I shall limit my interpretation to 


he 3rd. According to ScHMipt-EHRENBERG, this radius begins at the “ulnare” 


Ss 


Irom there it runs to the distal centrale and thence to the 2nd 
found a series of condensations, which together form a similar 
the carpus. But this series begins with the rudiment of the carpal 


The second condensation is that of centrale 3 connected with the anterior 


der of the deep portion of (palmar lamella) centrale 1. Centrale 3 fuses with 


later on. The third condensation of the series is centrale 2. The 


iment of carpal 2 is located more distally and belongs to the neopodial arch, 


which extends from carpals 1 and 2 to carpal 4 + 5. The third “radius” as 
defined by ScHMIDT-EHRENBERG does not exist in Cavia 

5 mm stage (fig. 40b) the different parts of the carpus are 

Centrale 1 is a large slightly chondrified piece situated along the 

‘r of the radius. It is already fusing with the ulnar end of the radiale. 

two cartilages meet with somewhat attenuated ends, so that the compound 


becomes interlaced at its mid portion. Centrale 2 is very densely 
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Fig. 41. Carpus of Cavia porcellus. 33 mm. Reconstruction. a) dorsal, b) palmar, c) radial, 
d) ulnar view. 


cellulated, prochondrial. Centrale 3 is connected with the palmar lamella of cen- 
trale 1. The ulnare process is chondrifying, well differentiated from the pisi- 
forme, which lies on its palmar side. Centrale 4 is large, well chondrified. Its 
proximal still blastematic end is located close to the proximal end of centrale 1. 
The radial border cartilage is developing in connection with the Ist metacarpal. 
It lies radially to the not very distinct prepollex. 

The 18 mm stage is essentially like the 16.5 mm stage. 

In the 33 mm stage (fig. 41a,b,e,d) the adult conditions are attained 
(compare PETRI 1935). Centrale 1 + radiale is a very strong broad cartilage, 
which radially bends down strongly and ends with a short prepollex at its distal 
palmar corner (fig. 41.¢). Seen from the palmar side (fig. 41 b) the two com- 
ponents of centrale 1 + radiale are fairly well delimited from one another. A 


big palmar lamella belonging to centrale 1 extends to the carpal arch. Centrale 


2 + 31s well developed on the dorsal surface. Viewed from the palmar side, it is 
much smaller. 

The rudimentary Ist digit consists of a small carpal and a metacarpal. The 
carpal of the 2nd finger is, when viewed from the dorsal side, very small, but 
if seen from the palmar side it is fairly large. The radial border cartilage is 
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connected with the Ist metacarpal, from which it bends down strongly, thence 
running in an ulnar direction below the palm of the hand. It is found inside 
the radial carpal ball. The ulnar border cartilage, which is very large, 1s located 


inside the ulnar carpal ball. 


Pedetidae 
Pedetes caffer 


iterial there are no stages containing the early development of the 

carpus. | have, however, a very early stage, but this one does not show any 
differentiation in the carpus. The 14.5 mm stage is already fairly far advanced. 
Chondrification has taken place or is about to take place in most elements. The 
Ina and the radius are parallel rods running at a considerable distance from 

another. They are chondrified except at their distal tips, where blastemas 

are left for their growth. This blastema at the end of the ulna forms a fairly 
well-defined rudiment of the ulnare process, which in certain sections seems to 
be free from the ulna. The intermedium-centrale part is quite blastematic, 
ming a more or less triangular mass entering proximally between the tip of 

he ulna and the radius. This mass sends out short mesenchymatic bands con- 
necting with the blastemas of the rudiments of the two distal centrals. These 
bands run one on each side of the intercarpal vessel, which thus has an unusual 
position in the carpus of Pedetes. In Pedetes this vessel runs from between the 
ulna and the radius distad on the volar side of the carpus, where it turns dorsad, 


penetrating the carpus in a dorsal direction proximally to the distal centralia, 


but apparently between their connections with the proximal centrale. Dorsally 


the intercarpal vessel sends a strong branch to the 2nd carpal, where it bifurcates 
with one branch on each side of this carpal. From the branching point of the 
intercarpal vessel and its carpal branch the vessel continues dorsad as a dense 
capillary plexus proximal to the distal centralia. The puzzling fact here is that 
the connection between centrale 1 and centrale 3 is situated ulnad to the inter- 
carpal vessel. This, however, may be explained by the fact that the two distal 
centralia are well separated from each other, centrale 3 being associated with 
centrale 4 instead of with centrale 2, as is usually the case when the distal 
centralia are located normally. In Pedetes 14.5 mm centrale 3 is about to join 
centrale 4 proximally to carpal 4 + 5 and centrale 2 is very large, lying 
proximally to carpals 2 and 3. The blastematic centrale 1 is already about to 
connect up with the already chondrifying radiale, which carries a well-devel- 
oped prepollex rudiment. Between the lower level of the ulnare process and the 
chondrifying rudiment of centrale 4 lies a blastema, radially joining the band 
that connects centrale 1 with centrale 4. In later stages this blastema proves to 
be the dorsal part of the pisiforme. The carpals and metacarpals are more or 


less chondrified, but not the phalanges. 
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Fig. 42. Carpus of Pedetes caffer. 19 mm. Horizontal section. 


The radial border cartilage is found growing out from the mesenchymatic disc 
between the 1st carpal and the 1st metacarpal and seems to have connection with 
both these elements, but later (in the 16 mm stage) it becomes more closely con- 
nected with the Ist metacarpal than with the first carpal, and in stiil later stages 
the metacarpal is the only bone that supports the radial border cartilage. In the 
20 mm stage, however, it is detached from the metacarpal and is only joined 
to it by a ligament. 

In the 16 mm stage the carpal elements, except the intermedium and centrale 1, 
are more or less strongly chondrified. The ulnare process is rather long. Its 
distal end is somewhat rounded. In the 19 mm stage the process is a fairly long 
rod bent radially and ending in a knob sunk in the dorsal part of the pisiforme 


rudiment. The pisiforme thus has a superficial dorsal portion ventrally to which 


it expands to a large body situated below the ulnare process. In the 16 mm stage 
centrale 3 has joined on to centrale 4 and is now seen upon the latter as a strong 
rodlike radially directed process. The rudiment of centrale 1 is connected with the 
chondrified radiale. 

On the palmar part of centrale 1 a portion of the compound “‘scapho-lunatum”’ 
(centrale 1+ radiale), a diffuse conical process, projects distad between the 
centralia 2 and 3. In the 18 mm and 19 mm stages this process is strongly chondri- 
fied (fig. 42). It represents the palmar lamella of centrale 1, which is characte- 
ristic of the carpus especially of rodents, though also of many other mammals. 
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Reconstruction. a) dorsal, b) palmar, c) radial, 
ulnar view. 


An incipient differentiation is observed in the proximal part of the centrale 1 
rudiment, where an intermedium portion is separating obscurely from a centrale 
portion. This intermedium portion is found radial to the ulnare process. Cen- 
trale 4 is sending a short — apically not chondrified — process in the direction 
of the intermedium blastema. By the time the intermedium rudiment becomes 
chondrified in the 20 mm stage, this process has already joined it. 
The carpus of the 20 mm stage is practically complete. A carpus of this stage 
is reconstructed graphically in fig. 43 a-d. The most noteworthy feature of this 


pus is the strongly developed intermedium, which joins centrale 4, the big 


Ca 


centrale I, joined on to the radiale, and the two large distal centralia. The pre- 


pollex is well developed, located at the palmar radial corner of the radiale ( fig. 


,c). The radial border cartilage is a large bent plate inside the radial carpal 
It is connected by a ligament with the 1st metacarpal. An ulnar carpal ball 
lage is merely indicated. 

-d from the palmar side, two well-developed palmar cartilages ( cep and esp ) 
are noticed (fig 43 b). The radial one of these is developed from the palmar 
part of centrale 2 and is joining on to the radiale radially. This corresponds 
to an anterior part of the palmar lamella of the centrale 1 in other rodents. The 
maller palmar cartilage (Csp) belongs to the palmar part of centrale 3. 


lar cartilage apparently joins the “palmar lamella” of centrale 1 later on, 


stage it is not present any longer. 
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Fig. 44. Carpus of Pedetes caffer. 73 mm. Reconstruction. a) radial, b) ulnar view. 


The 73 mm stage (fig. 44a, b) is especially remarkable for the excessive devel- 


opment of the prepollex, the radial border cartilage and the ulnar border carti- 
lage as will be gathered from the figures. The position of the pisiforme below 
the ulnare process is also worth mentioning. It is a well-known fact that a 
“carpal nail” develops outside the radial border cartilage. The radial border 
cartilage has been described as a second joint of the prepollex (BARDELEBEN ). 


Bathyergidae 
Bathyergus janetta 


The 10 mm specimens are interesting as they show the so-called 3rd radius of 
SCHMIDT-IEHRENBERG, This ‘“‘radius” connects the base of the 5th finger rudiment 
with the Ist or 2nd. It runs along the palmar edge of the not detached carpal 
part of the finger rudiments and is connected therewith. On its dorsal surface 
is located the distal centrale (or centralia). Centrale 1 (+ intermedium) is still 
blastematic or weakly prochondrial, slightly more advanced distally than prox- 
imally. Proximally it is connected with the ulna. It sends out a fairly strong 
process in a distal direction. This process ends proximally to the carpal parts of 
the 2nd and 3rd digits, with a rather large prochondrial rudiment of one distal 
centrale (possibly two) located as mentioned above. 

| am not certain that there is only one distal centrale, but this centrale con- 
sists of a thin portion proximal to the 3rd, and a thicker portion proximal to the 
2nd carpal. In some sections it seems as if there were a boundary-line between 
them. The connection with centrale 1 and the distal centrale is at the thin por- 
tion of the latter. 

On the ulnar side the rudiment of centrale 1 sends out a short projection direc- 
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Horizontal section. 


towards the ulnar outline of the carpus. This process contains distally the 
nent of centrale 4. The prepollex is unusually large. It is connected basally 

the broad but still thin rudiment of the radiale. 
stage (fig. 45) is not very much advanced beyond the 10 mm 
tage. The elements are prochondrial or chondrifying. The carpals have become 


differentiated from the basis of the digit rudiments. Remains of the original car- 
pal arch, not used up by the formation of the carpals form the “third radius” 

Scumipt-EnRENBERG. The centrale complex has increased. The centrale 4 has 
grown out to near the border of the carpus, increasing to a rather large body 
ulnad. The distal centrale has grown somewhat and has become an oblong body, 
without differentiated parts. The radius has augmented ; the prepollex also seems 


to be relatively larger than in the 10 mm stage. Distally to the end of the radius 


the growth zone is very large, with accumulated blastema cells located distally 


and disto-radially. The ulnare process of the ulna is differentiating in the ulnar 
blastema. Below the process the pisiforme is developing from that blastema. 
Unfortunately my next stage (20 mm). (Fig. 46 a-d) is too far advanced to 
allow of any direct connection being discerned with the 11 mm stage. In the 
20 mm stage all the parts of the hand skeleton are chondrified. Centrale 1 is a big 
gular. piece, articulating with the head of the radius. Its palmar surface ex- 
tends distad into a broad plate corresponding to the “palmar lamella of centrale 1” 


in the other rodent embryos ( fig. 46 b). Centrale 1 is not joined on to the radiale. 
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Fig. 46. Carpus of Bathyergus janetta. 20 mm. Reconstruction. a) dorsal, b) palmar, c) radial, 
d) ulnar view. 


The intermedium is distally joined with centrale 4. It is well delimited from it, 
when seen from the palmar side (fig. 46 b). The connections of this intermedium 
are the same as those in Pedetes, where, however, it is somewhat more deli- 
mited towards centrale 4, especially on the dorsal surface. The radiale is strongly 
developed, carrying the excessively developed prepollex, which in the reconstruc- 
tion looks as if it were 2-jointed (fig. 46c). It must, however, be observed that 
the tip joint of the prepollex is of a provenience other than the basal joint, 
as it has (probably) developed from a radial border cartilage, just as a similar 
rudiment in the hand of Pedetes and others. The ulnare process of the ulna 
is very long, as is especially seen in the lateral view of the hand skeleton (fig. 
46d). The pisiforme is seen below this process as a fairly long and thick carti- 
lage. Medially its basis is widened, so that it comes below the intermedium and the 


proximal part of centrale 4, with which it forms an articulation. The distal end 


of the pisiforme is covered by a big “ulnar border cartilage’, lying peripherally 
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47. Carpus of Georhynchus capensis, 13,5 mm. 
Reconstruction, Dorsal view. 


the ulnar carpal ball. “Nails” are developing on the radial as well as on the 


carpal balls. 
Georhynchus capensis 


The carpus of the 11 mm specimen is still very little differentiated. The radial 
blastema is short but broad, ending with a very small prepollex rudiment. The 
ulnar blastema is cylindrical without any differentiations. The central blastema 
forms a rather broad “radius”, which widens distally, ending in a distinctly deli- 
mited triangular field proximal to the 2nd and 3rd fingers. The finger rudi- 
ments are well developed, with differentiating carpals. This stage corresponds 
roughly with the 11 mm stage of Cavia, but the fingers are more developed than 
in that stage. 

The 13.5 mm stage (fig. 47) is already so far developed that a reconstruction 
could be made from a series of transversal sections (12 uw). The general arrange- 
ment of the carpus is much the same as in Bathyergus, but there are some 
deviations. The intermedium is well delimited from centrale 4, which is less 
chondrified than the former. The palmar lamella of centrale 1 is very short. 
The prepollex is present, but not very strongly developed. The “radial border 


cartilage” is a large plate, lying on a level with the carpals of the Ist and 2nd 


fingers and the base of their metacarpals. The “‘ulnar border cartilage” is still 


‘r, meeting the radial at about the mid-line of the carpus. The “radial border 
ilage”’ is connected with a basal and radial process of the Ist metacarpal. 

In an adult specimen the prepollex is very strong, articulating with the radiale. 

Its distal tip articulates with the “radial border cartilage”, which has ossified 

a big irregular bone entering the radial carpal ball. It bears a nail. In the 

“ulnar border cartilage” is also ossified. It rests upon the lower part 

of the pisiforme and bears a nail. It is obvious that these two border cartilages 

originate independently of the prepollex and pisiforme respectively, but later 


become associated with them. 
Cryptomys anomalus 


The carpus of a 16 mm specimen closely resembles that of Georhynchus. The 


prepollex, however, is much larger and enters the blastema of the radial carpal 
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Fig. 48. Carpus of Cryptomys anomalus. 24 mm. Reconstruction a) dorsal, b) radial, c) ulnar 
view. 


bali. The ulnar carpal ball contains a blastema, which in its radial part is located 
fairly near the pisiforme. The Ist metacarpal develops a strong process in a 
proximal direction. 

In the 24 mm stage (fig. 48 a-c) the carpus is completely chondrified. The 
radiale and centrale 4 have their largest extension vertically. The intermedium 


part of centrale 4 is not delimited from the centrale 4 proper. Centrale I is 


separated from the radiale. One distal centrale (centrale 2-+ 3) is present. A 
strong prepollex is articulated with the lower part of the radiale (fig. 48b). 
It is combined with the radial border cartilage, because from the Ist metacarpal 
a cartilaginous rod connects with the basal part of the prepollex, forming with 
it a unit from which the apical part of the prepollex issues in a disto-ventral 
direction. A broader projection issues, however, from the common part of the 
two cartilages in a proximo-ventral direction. This projection carries a prochond- 
rial lamella, supporting the radial carpal ball. An ulnar border cartilage is also 
present. It lies outside the lower part of the pisiforme and belongs to an ulnar 


carpal ball. 
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49. Carpus of Lemmus lemmus, 19 mm. 
Reconstruction. Dorsal view. 


Muridae 


Lemmus lemmus 


The carpus of my 1g mm embryo (fig. 49) is chondrified in all essential parts. 
Centrale 1 is fused to the radiale. The latter has a short prepollex process. United 
ith the radiale is a large thick palmar lamella of cegtrale 1, which distally 
reaches partly beyond the 3rd carpal. One big distal centrale is present, located 
proximally to the 2nd and 3rd carpals. The 1st metacarpal carries a well-devel- 
oped “‘radial border cartilage”. In other respects the carpus is very like that 


in 


Mus musculus, albino mouse 


In 1933 | presented a summary description of the development of the hand 
in the albino mouse. In essentials this description is valid to-day, but there are 
some addition to be made, which may modify the interpretation a little. 

In the 5.5 mm stage the mesenchyme of the hand is condensed along a broad 
axis, extending from the humerus part of the limb to near the tip of the hand 
expansion. In this condensed mesenchyme no differentiation could with any cer- 


- be stated to occur. 


In the 7.5 mm stage ( fig. 50a,b) the digits are already well determined, basally 


ming a complete neopodial arch. In the archepodium the three blastemas are 

ily distinguishable. The radial and the central blastemas are well separated 

nm: the neopodial arch by the well-known sparsely cellulated zone. The ulnar 
na reaches to the ulnar end of the carpal arch. 

In the 8—8.5 mm embryos the fingers are indicated by slight protuberances 

at the border of the paddle-shaped fore limb. The neopodiwm is represented 


al 


by a blastematic arch, extending from the fifth finger rudiment to the first. 


i 


In this arch the first rudiment of the distal carpals are already indistinctly 


differentiated in the basal parts of the digits. As in all other tetrapods the car- 
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‘ig. 50. Carpus of Mus musculus. 7.5 mm. a), b) horizontal sections from the same series. 


pals are cut off from the rest of the digits. As I have no stages of us between 
the 5.5 and 7.5 mm stages, I cannot describe the earlier history of the digits, but 
in other mammals, for instance in the rabbit, the digits begin their development 


in the general mesenchyma of the paddle as separate condensations of this mesen- 


chyma distal to the rudiments of the archepodium. These rudiments grow proxi- 


mad and their proximal ends join on to one another, forming the neopodial arch 
mentioned above. The first digits to appear are the fourth and third. The fifth 
apparently develops somewhat later. 

In the 8—8.5 mm stage the archepodium consists of the three transversaily 
arranged blastemas, which were described in 1933. 

The radial blastema is a direct continuation of the radius in a distal direction, 
constituting a radial growth zone. It is thus as broad as the distal end of the 
radius, This distal end is still quite blastematic, whereas chondrification begins 
more proximally. The distal end of the radial blastema abuts against a narrow 
area poor in cells, which separates it from the radial part of the neopodial arch. 
At the radial corner of the radial blastema has developed the strong rudiment 
of the prepollex. 

The relation of the ulnar blastema to the ulna compares with the relation of 
the radial to the radius. It is a direct blastematic continuation of the chondrifying 
ulna towards the rudiment of the fifth digit and thus includes the growth zone of 
the ulna. There is still no differentiation recognizable in this blastema. 

The central blastema lies between the radial and the ulnar. Already at the 
7.5 mm stage it is rather easily distinguishable from the others because of its 


more densely arranged and more strongly stainable cells. It is connected with the 
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Fig. 51. Carpus of Mus musculus. 85 mm. Horizontal section. 


proximally to the zone poor in cells, mentioned above. It is fairly well delimited 
from the radial as well as from the ulnar blastema. The proximal part of the 
central blastema is rather narrow, lying between the distal ends of the radius 
and the ulna. Distally the central blastema widens, so that it covers a triangular 
field proximal to the neopodial arch from the 2nd and 3rd fingers towards the 
4th and 5th. 

Already in the 8.5 mm stage (fig. 51) the archepodial parts begin to differ- 
entiate. The radial blastema is dividing into a proximal and a distal part. The 
proximal part retains its connection with the radius and forms its distal growth 
zone. It is strongly developed, especially at the radial corner of the radius. The 

part with the rudiment of the prepollex forms a still blastematic broad 
liment, separated from the radial growth zone by a narrow clear space. The 


lifferentiated radial element is the radiale, into which the prepollex is 


lastema also undergoes some development. It becomes better de- 
from the neopodial arch and bends out somewhat in a ulnar direction, 


far as it could be discovered, it is positively not separated from the ulna 


hat its superficial (dorsal) part seems to be somewhat denser than its 


Inar blastema still forms the growth zone of the ulna. 
-ale blastema is also differentiating. The narrow proximal part widens 
liv to a comparatively large blastematic field, from which a tongue of dense 


ma runs disto-radiad towards the second and third fingers. This tongue 
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Fig. 52. Carpus of Mus musculus. 9.5 mm. Horizontal section. 


lies radially to the foramen interosseum. Another tongue ulnad to the foramen 
runs in a disto-ulnar direction towards the ulnar border of the carpus. Distally 
it is not widely separated from the distal part of the ulnar blastema. Centrale 4 
develops in the ulnar blastema at the distal end of this tongue. 

The centrale blastema is still well delimited from the rudiment of the radiale. 

In the g—9.5 mm stages (fig. 52) the future of the different rudiments of 
the 8.5 mm stage is quite well established. The radiale with the prepollex is 
prochondrial or chondrifying. The prepollex has shifted its direction so that it is 
directed obliquely palmarwards. The medial part of the radial blastema is broadly 
connected with the centrale blastema, so that part of the latter is connected 
with the radiale. The distal end of the radius is covered with its growth zone, 
of which the radial portion is thicker than the medial, causing the radial corner 
of the radius to grow more rapidly than the medial, with the result that the radial 
corner becomes prolonged in a disto-radial direction. 

The ulnar blastema is differentiating. The dorsal (superficial) part of it is 
now prochondrial, forming a distal prolongation of the ulna. This is the so-cal- 
led ulnar epiphyse or processus styloideus ulnae, which is present in all mammals. 
The deeper (palmar) part of the ulnar blastema is still blastematic, bulging out 
somewhat in a palmar direction. This deep part of the ulnar blastema is the 
rudiment of the pisiforme. The ulna with its epiphyse and the pisiforme con- 
stitute the ulnar part of the archepodium, i.e. the so-called ‘“‘mesomeral axis” 
( WESTOLL ). 

* The centrale blastema is now very clearly differentiated in the form of a 


branched tree. Its narrow proximal portion is the rudiment of the intermedium 
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early defined in us’, but very easily discernible in other rodents 
tes and others, as we already have seen). The central portion 
the so-called lunatum or “intermedium’ 


€l 
rudiment centrale 1. Centrale I 1s 


two centres lying inside the second and third 
itralia 2 and 3, of which centrale 2 1s the 


{hese two centralla 

F the centrale blastema extends disto-ulnad 
1 is chondrifying. 


towards 


this 


about corresponding to the just 
real ulnare, of 


i 


1933 ended with a stage 
take. And so the question of the 
‘scaphoid” remained without a definite answer. 
studied on horizontal sections, centrale 


SO 


The 


(fig. 53), 
This fusion is effected from both cartilages 
-artilage forms the connection between them. 
is not distinguishable any more, but has probably 


which is developed to form a fairly large, oblong, 


Its radial end nearly meets the radial border 


artilage. 
and extension does not in the least cover the picture, 


Its position a 1Oe 
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Fig. 54. Carpus of Mus musculus (albino mouse). 11.5 mm. Reconstruction. a) dorsal, b) pal- 
mar, c) radial, d) ulnar view. 


which Scumipt-EHRENBERG has given of an 11.5 mm stage. In the centrale 1 
+. radiale complex this authoress has illustrated three different components, 
viz. “intermedium”, ‘centrale radiale proximale” and “centrale radiale dis- 
tale”. I could not find more than two: centrale 1 and radiale. 

The 11.5 mm stage (fig. 54 a-d) is scarcely more advanced than the 10.5 mm 
stage, except that the carpal components are more strongly chondrified. The 
carpus of this stage therefore has been used for a graphic reconstruction. In 
this reconstruction the general arrangement of the carpal parts is just as in the 
10 mm stage. The big centrale 1 -+ radiale distal to the radius and centrale 4 
distal to the ulna are connected proximally with a tissue band issuing from the 
radial border of the ulna. This band was interpreted in 1933 as being the true 
intermedium, an interpretation that is strongly supported by the conditions in 
other rodents such as Pedetes and Bathyergus. The big centrale 2 (+ 3) is 
located proximally to the 2nd and 3rd carpals. Centrale 1 has a strong palmar 
lamella, the proximal part of which is connected with the palmar part of the 
radiale. This lamella is already met with in the 9.5 mm stage. Seen from the 
radial side, the radiale is stated to have a strong palmar radial process ending 
in a well-developed prepollex. A strong radial dorder cartilage! is inserted on the 
boundary between the 1st carpal and the 1st metacarpal (fig. 54 c). This cartilage 


1 In ScHMIDT-EHRENBERG’S picture called “prepollex”’. 
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where 


It is situated in the fascia palmaris and forms a support 


is already seen in the g and 9.5 mm stages 
not fully differentiated basal part of the Ist 
a process at.the lower an- 


+ 


border cartilage is present outsice 

of the pisiforme. A dorsal process of the pisiforme enters be- 
-5 mm stage. 

definite carpal conditions are more 

centrale I has grown out con- 

the 3rd carpal. Its connection 


radiale has broadened 


lving below 
part of the 
lly to the prepollex, so that the pre- 
on the dist rder of the radiale. The radial border 
1 into the proximal end of Ist metacarpal. The 


serted 


is fairly broad. 


grown paln 


preceding stage, but the ulnar border cartilage is located 


I he If mm specimen of 


about as far a 
us. The prepollex is well developed. In the 13 mm 
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Fig. 56. Carpus of Gerbillus afer. 20 mm. Reconstruction. 
a) dorsal, b) radial view. 


stage the carpus is much as it is in a 9.5 mm stage of \/us, but the chondrifica- 
tion is not quite so far advanced. The radiale is fusing with centrale 1 and 
there is a blastematic proximal part of centrale 4 entering between the two 
forearm cartilages and connected with the ulna. This part is apparently the 
rudiment of an intermedium, later chondrifying together with centrale 4. There 
is only one distal centrale present, viz. centrale 2 (+ 37). 

In the 15 and 20 mm specimens (fig. 56a, b) the centrale 1 and the radiale 
are fused, but the boundary line between them is still visible dorsally. The 
not very strong prepollex is located on the palmar, distal corner of the radiale. 
A weil developed radial border cartilage is present. Centrale 4 has a portion 
situated radially to the well-delimited ulnare process. This part of the centrale 


probably includes the now chondrified intermedium. 


Sciuridae 


SCHMIDT-E-HRENBERG has described the carpus of a 10.5 mm embryo of Citel- 
lus citellus and of an embryo of Sciurus vulgaris, where the carpus had already 
become completely chondrified. In both cases the carpus was interpreted accor- 


ding to STEINER’S theories. 


Funambulus palmarum 


In my 10 mm specimen (fig. 57) the ulna and the radius are chondrifying. 


The carpals, all except the Ist, are about to be cut off from the basis of the 
digits and to chondrify. The radiale is still prochondrial. The prepollex lies 
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Fig. 57. Carpus of Funambulus palma- Fig. 58 Carpus of Funambulus palma- 
10 lorizontal section rum. 12 mm. Horizontal section. 


ual at the disto-radial corner of the radiale. It is fairly large and directed 


} 


obliquely palmad. The centrale complex consists of a large proximal part, the 


centrale 1, entering between the ulna and the radius. With it is connected 


distally a transversal, rather thin rudiment, situated proximally to the 2nd and 
3 rpals and connected with the 3rd. This is apparently the rudiment of 
centrale 2 (+3). A slightly chondrifying centrale 4 is connected with the 


ulnar border of centrale 1. It lies distally to the ulnar blastema, in which the 
ulnare process and the pisiforme are differentiating. The centrale complex has 


thay 


hus developed in much the same way as in the mouse, with this difference, 


owever, that there is still no centrale 3 differentiated in the connecting tissue 
between centrale 1 and centrale 2. 


In the 12 mm specimen (fig. 58) most parts of the carpus are chondrified 
or chondrifying. Centrale 1 is, however, still prochondrial. Centrale 2 is well 
leveloped, situated proximally to carpal 2 and connected medially with carpal 3. 
(in the distal border of centrale 1 a small portion, lying close to the rudiment 
of centrale 4, is chondrifying. This portion is the centrale 3. It 1s connected by a 
mesenchymatic band with the lower part of centrale 1. The remainder of cen- 
trale 1 is fusing radially with the radiale. It has a strong palmar lamella. Cen- 
trale 4 is fairly well developed. Together with the proximal part of centrale 1 

is connected with the radial side of the ulna. The ulnare (process) has ap- 


peared as a centre of chondrification distal to the ulna. Between this centre and 


33 
t 
US 
pe 
50 


Fig. 59. Carpus of Funambulus palmarum. 18 mm. Reconstruction. a) dorsal, b) radial, 
c) ulnar view. 


the tip of the ulna is a zone in which the tissue is less chondrified. The pisiforme 
is diiferentiated below the ulnare. At the radiale the prepollex rudiment is 
directed palmad. The radial border cartilage is developing in connection with the 
mesenchyma, separating the already chondrifying Ist carpal and Ist metacar- 
pal, later to be connected with the latter. The carpals and the metacarpals of 
the other fingers are chondrifying. 

The 18 mm specimen (fig. 59a-c) has a completely chondrified carpus. 
In this specimen all parts have increased in size. Centrale 1 and the radiale 
are strongly fused together, but the boundary between them is still visible 
at the distal outline of the compound cartilage. Centrale 3 seems to have fused 


with the proximal part of centrale 4 (fig. 59a), centrale 2 being an indepen- 


dent cartilage proximal to the 2nd carpal. (Compare Pedetes p. 42). The 
prepollex is a short process on the lower distal corner of the radiale. Centrale 1 
and centrale 4 are connected proximally by means of a mesenchymatic cell 
mass with the ulna and the ulnar process. That mass may represent the inter- 
medium. Carpal 1 is fairly large, carpals 2 and 3 rather small and carpal 
4+ 5 large. The Ist metacarpal is short. It carries the radial border cartilage, 
which expands into a large triangular plate bent down, below the radiale. No 
ulnar border cartilage is as yet developed. 
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Carpus of Felis 


Horizontal section 
CARNIVORA 
H erpestoidae 


Felis domesticus 


SCHMIDT-E-HRENBERG (1942) has described the carpus of a 9.1 mm and 42 mm 
embryo of Felis catus (probably domesticus). KINDAHL has contributed with the 


ription of a long series of embryonal carpi of the domestic cat. These series 
I me as those which I have used. 


embryo SCHMIDT-I-HRENBERG describes how the 2nd “‘radius”’ 
d radially to the intercarpal blood-vessel. In KINDAHL’s 10 mm 


I ( SCHMIDT-EHRENBERG’S “‘intermedium”’) is forming, it 
hat 


the bloodvessel pierces the rudiment of this centrale near 
It is thus very clear that the 2nd “radius” here has a portion 
nen interosseum. SCHMIDT-I-HRENBERG says that the thin 2nd 


the first finger. This “radius” is not delimited from the dark 
me of the other distal carpal part. As the “radius”, however, is only 
rt of the central blastema, it is clearly understood that the real 2nd 


rroadens to a (triangular) field, extending at least from the 
lhe dark mesenchyma of which writes, 
+31] 


ill diffuse rudiment of the distal centralia (centralia 2 


‘riptions. This becomes very clear in the 10 mm stage ( fig. 60), 
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where the centrale 1 part of the central blastema contains a rounded, very 
conspicuous rudiment of centrale 1, pierced by the foramen interosseum and 
connected with the distinctly recognizable rudiment of the distal centralia. The 
rudiment of centrale 1 extends without any determinable limit to a disto-mesial 
part of the ulnar blastema, proximal to the 5th digit. This extension contains the 
rudiment of centrale 4, as becomes very clear from a 14 mm stage, where cen- 
trale 1 is joined by means of mesenchymatic band 1) with the radial side of 
the ulna, 2) with the rudiment of the distal centralia, and 3) with centrale 4, the 
complex thus forming a branched tree (fig. 61). 

In the 14 mm stage (fig. 61) the distal part of centrale 1 is chondrifying. The 
bridge connecting it with the distal central (centrale 2) has turned into pro- 
cartilage, forming the rudiment of centrale 3. They, however, become fused 
together. Centrale 4 is chondrifying. It has now attained its location proximal to 
the carpal of the 4th and 5th fingers. In the 14 mm stage a mesenchymatic con- 
densation is present immediately radially to the ulnare process. This conden- 
sation is markedly connected with centrale 4 and also with centrale 1, probably 
representing the intermedium, which does not develop any further. When cen- 
trale 1 and centrale 4 move distad from the ulna, the connecting links are still 
preserved, but the intermedium has become rather diffuse. It is worth mentioning 
that when it becomes apparent, centrale 1 is already lying at some distance from 
the level of the anterior tips of the ulna and the radius. In the 14 mm stage this 
condition is more pronounced. The ulnare process is developing at the tip of 
the ulna. It develops into a blastema connected with the growth zone of the 
ulna. When the blastema becomes prochondrial, this developmental process be- 
gins in its apical part, where the cells are more closely packed than in the part 
connecting it with the ulna. This is very clearly seen in the 14 mm stage. When 
the chondrification process has begun in the 15.2 mm stage, the apical end of 
the rudiment chondrifies earlier than the connecting part. This must, therefore, 
lend support to the theory of the ulnare process as a separate element, 1.e. as 
an ulnare. Below the ulnare, a few sections palmad, begins the pisiforme, which 
still further palmad is chondrifying. 

In the 17.5 mm stage there is proximal to centrale 1 a blastematic expansion 
bounded by the mesial part of the radiale. This expansion will probably chondrify 
later on, bringing centrale 1 in contact with the radiale, as is the case in the 
42 mm stage. This process could not, however, be shown to take place in the 
presumed manner, as the stages between the 17.5 and the 42 mm are missing. 

There is a well-developed prepollex, but no “radial border cartilage” is 
present. 

For other details in the development of the carpus of the domestic cat the 


reader is referred to KINDAHL’s paper (1943). For the 42 mm stage I refer to 


fig. 62a and b for comparison with ScHMIDT-EHRENBERG’S sketch of the cor- 


responding stage. 
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Viverricula malaccensis 


ge (fig. 63) of | iverricula is much the same as the 15.2 mm 

‘elis, but the proximal part of centrale 1 is somewhat more advanced. 

me is the case with the condensation mesial to the distal end of the ulna. 

iverricula this condensation is prochondrial and is broadly connected with 

centrale 4. It must be regarded as an intermedium. Centrale 4 is also connected 

with centrale 1, of which the proximal non-chondrified part lies on a level with 

the intermedium. There are two small distal centralia present. They are con- 

ected with one another and, through a mesenchymatic string, with centrale 1. 

radiale is developing and chondrifying. Medially it meets the unchondrified 
trale I. 

35 mm specimen all parts of the carpus are well chondrified ( fig. 64). 

ale 1 and the radiale have fused dorsally, but are well separated on the 

at first chondrified part of centrale 1 bulges out distally, 

mesial part of centrale 3 + 2, of which the centrale 2 part has 

. ‘radial part of the radiale. Centrale 4 bends proximally inwards 

along the ulnare process of the ulna. This proximal part apparently represents 

tne 


rate blastema or prochondrium of the 14 mm stage, i.e. the intermedium. 


A prepollex 1s present, but no radial border cartilage. 
PINNIPEDIA 
Ph ca gry} us 


mm seal embryo is already chondrified. The radiale 


‘ms dorsally a rather narrow strip of cartilage distal to the head of the radius. 


lly and palmad it widens considerably and carries at its lower end the 


blastematic prepollex. The prepollex of this stage is connected with 
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Fig. 63. Carpus of Viverricula malac- Fig. 64. Carpus of Viverricula 
censis. 14 mm. Horizontal section. malaccensis. 35 mm. Reconstruc- 
tion. a) dorsal, b) palmar view. 


Fig. 65. Carpus of Phoca grypus. 19 mm. ‘ig. 69. Carnns of Phoca arypus. 19 mm. 
Horizontal section. With prepollex and ra- Horizontal section. 
dial border cartilage meeting. 
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hoca gry Fig. 68. Carpus of Phoca gryfus. 84 mm. Recon- 
n. Dorsal view struction. Dorsal view. 


the articular disc between the first carpal and metacarpal. This connection is 
bandlike and must be considered to be the rudiment of a radial border cartilage 
otherwise absent in Phoca (figs 65, 66). The ulna has a fairly well-pronounced 
ulnare process, below and somewhat ulnad to which is located the small pisi- 
forme. Centrale 1, viewed in horizontal sections, is a round cartilage already 
displaying a certain tendency to join on to the radiale. From the palmar part 
of centrale I issues a thin cartilaginous string, directed dorso-radiad. After 
reaching the surface of the carpus, it forms the rudiment of centrale 2 proximal 
to the 2nd and 3rd carpals. In close connection with this centrale lies the 3rd 
centrale, which in this stage is larger than the 2nd. Centrale 4 is fairly well 
developed in its usual place. It is clearly seen to be connected with the blastema 
at the proximal end of centrale 1. 

The 24 mm stage ( fig. 67) does not differ much from the 19 mm stage. The 
rather small centrale 2 is located at a deeper level than the larger centrale 3. 


Its radial end lies very near the radiale. Centrale 3 is situated dorsally to the 


proximal part of the 3rd carpal. The centrale 4 is well separated from centrale 1. 


lhe prepollex is fairly well developed. No border cartilages. The pisiforme is 
ttached to the ulnare process only, widely separated from centrale 4 (fig. 67). 
nm stage (fig. 68) adult conditions seem to have already been 

attained. Centrale 1 has fused proximally with the radiale. Centrale 2 has grown 
into a strong cartilage with its proximal part bordering on the radiale. Centrale 
all, much smaller than centrale 2, in contrast to the conditions in 

stage. The centrale 4 is well separated from centrale 1, as in the 

The pisiforme has now acquired secondary connections with the 


in addition to the primary ones with the ulnare process. 
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Fig. 69. Carpus of Procavia capensis. a) 11—12, b) 12 mm. Horizontal sections. 


PROTUNGULATA 
Procavia capensis 


FISCHER (1903) has given an account of the development of the carpus of 
some embryos of Procavia syriaca, but as these embryos had already reached 
a stage where the carpal elements were chondrified, its early development could 
not be described. Of some interest is his description of a second ‘‘centrale” in a 
44 mm embryo, which is said to have pushed the 


‘ 


‘intermedium” in palmar direc- 
tion and taken its dorsal place. 

UrsinG (1914) has described the carpus of a 15 and a 32 mm embryo of 
Procavia daemon and two others (29 and 40 mm) belonging to the daemon 
group but not otherwise determined. His descriptions are not of primary in- 
terest, yet are valuable as the author has used wax reconstructions for his 
investigation. The 15 mm stage was already so much advanced that chon- 
drification was in progress in the carpus. 

In a 1I—12 mm stage (fig. 69a) the rudiments of the ulna and the radius 
are strongly diverging in a distal direction; the radius ends in a strong blast- 
ematic portion attenuating distally (probably forming a prepollex rudiment). 
The ulna also ends in a strong blastematic portion, which, however, is not 
delimited distally. The centrale blastema is merely suggested by a condensation 
between the ulna and the radius. It has the shape of a ‘radius’. It is very 
diffuse, but nevertheless must represent the second “radius” of SCHMiIpT-E-HREN- 
BERG. The tip of the ulna is confluent with the ulnar part of the carpal arch, 
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an arch in radial direction, does not by any means reach 


a 


he radial blastema, there being a wide gap between the arch and this 


na. On the carpal arch three condensations are diffusely visible. These 


of the digits 4, 3 and 2. No other distinct digit rudiments can 


imen (fig. 69b) the carpus is more advanced. Ulna 


speci 
-allel with one another, weakly chondrified. The 

its are formed the 

discernible. The carpal arch is very 

the central part of the carpus because of the broad 
‘he ulnar blastema is strongly 

the distal end of the ulna. The radial 


blastema ends disto-radially in a not very distinct prepollex rudiment. The cen 


t 


trale blastema is not very distinctly outlined, but it 1s cle arly seen to be connect d 
1 side of the ulna. It extends distally, radially to the ‘foramen 
towards the 2nd and 3rd carpal rudiments. In addition, it has a 


1 
+} 
il 


ewhat condensed portion ulnar to the foramen. This condensation 1s con- 
ulnar blastema. It connects with the rudiment of the future 
the carpus is not very much advanced beyond the last 


-. but the centrale portion is more distinctly differentiated. 
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Fig. 71. Carpus of Procavia capensis. 18 mm. Horizontal section. 


A proximal, fairly distinct portion is the centrale 1 part. Distal to it and radial 
to the interosseal foramen the rudiment of the distal (C 2 + 3) centrale is 
discernible and ulnad to the foramen the centrale 4 is delimited from the ulnar 
blastema, its cells being more darkly stained than those of this blastema. 


Two 14 mm stages (fig. 70) closely resembled the 13 mm stage, but a third! 


had advanced considerably, as chondrification had begun in the centrale part of 


the hand so that the rudiments in that part were distinctly outlined. Centrale 1 is 
chondrifying disto-radially to the level of the interosseal foramen. From its 
radio-distal corner extends a tongue of procartilage towards the not yet 
differentiated 1st carpal. This tongue is the centrale 2 (+ 3). Ulnad to the 
foramen lies the rounded chondrifying centrale 4. Centralia 1 and 4 both 
connect up with the still blastematic proximal part of the centrale complex, which 
is still connected with the ulna. The radial blastema now contains a condensation 
tapering against the prepoliex; this condensation is the future radiale. The 
bulging-out part of the ulnar blastema contains the still indistinct rudiment of 
the ulnare process, below which the rudiment of the pisiforme is situated. The 
carpals are differentiating. 

1 Such differences are frequently met with. They are generally due to the shape of the 


embryo. If it is appreciably bent, it is in reality larger than the measurements would seem 
to indicate. 


5 A. Z. 1952 65 


MBRYOLOGICAL ANALYSIS OF THE MAMMALIAN CARPUS 
: 
: 
ig 
4 
if 


NILS HOLMGREN 


. Carpus of Procavia capen- 
nm. Reconstruction. Dorsal 
view. 


is much the same as the stage last described, but in the 
) all structure are far more clearly outlined. Centrale 1 is 
distally to the level of foramen interosseus. Centrale 2 | ) 
first finger. Centrale 4 is a rounded cartilage. It has a 


al process « 
imally. This connection is situated rather low down in the carpus. A small 
is present in the radial blastema and the ulnar blastema has 
now consists of 


decreased considerably through the development of the ulna and 
‘tion covering the disto-ulnar part of it. This apical blastema 


] 
ed 


por 
it of the ulnare process. Below it the pisiforme has developed into 


t, well separated from centrale 4. The carpals are well outlined, 


stages are much like the preceding, but in 


‘it is clearly seen that the distal centrale (cen- 


ith the palmar part of centrale 1 by means of a pro- 
ich may represent a centrale 3 (7) 
3) stage the carpus is already as developed as in 
stages. The ulna is distally somewhat broader than 
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Fig. 74. Carpus of Procavia capensis. 45 mm. Reconstruction. a) dorsal, b) radial view. 


the radius. Its ulnare process is directed latero-distad. The medial corner of the 
ulna forms a short process in a radial direction. Centrale 4 is very strong. 
On its praximal border it has a strong process, suggestive of an intermedium. 
The radiale is unusually small. It carries a slender prepollex at its volar, distal 
corner. Centrale 1 is provided with a short palmar lamella (fig. 73). A distal 
centrale (centrale 2) is present proximal to the 2nd carpal. 

In the semi-adult stage (45 mm) the conditions are much as in the 22 mm 
stage, though the cartilages are generally stronger. The radiale, however, is 
comparatively small. The ulnare process is very much reduced and the pisi- 
forme is chiefly connected with centrale 4 (fig. 74). 

The radial border cartilage forms a very strong bandlike structure, which 
runs near the radiale at its lower corner. From this point the cartilage band 
partly runs distad in a superficial position. This portion attains to a level with 
the proximal part of the 3rd metacarpal. The cartilage band runs partly 
proximad, bending down and mediad below the proximal part of the carpus 
(fig. 74a, b). This part, too, is fairly superficial, but its tip is situated so near 
the tendon of the finger flexor muscles that it may form a kind of palmar support 
to this tendon. A short prepollex process is present on the distal palmar corner 
of the radiale. 

ARTIODACTYLA 
Suidae 
Sus domestica 

ScuMIpT-[[HRENBERG has considered two stages of the development of Sus, 
viz. one of 12—12.6 mm and one of 43 mm body length. In the young stages no 
distinct carpal elements were developed. The Ist ‘“‘radius’” seems to end in a 
dense mesenchyma. An intermedial ‘“‘radius’’ is weakly developed, indistinct. It 
runs proximally to the “typical” foramen interosseum and is said to end at the 


Ist carpal. A dense mesenchyma situated distally to the foramen interosseum 
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is interpreted as the ‘“‘centralia ulnaria’” (centrale 2 + 3). It is said to belong 
to a “third radius”, running distally to the foramen interosseum from the ulnar 
‘“Hauptstrang’’, directed towards the second finger. ‘rom this radius are said 
to originate the “‘centralia ulnaria” and the carpals of the 2nd and 3rd fingers. 

In my youngest stages of 10.5, 11 and 12 mm the finger rudiments have not 
yet appeared. Ulna and radius are but diffusely outlined. They are widely 
separated from one another. Between the distal ends of these two rudiments, 
and distal to them, a broad field of dense mesenchyma is present, which stains 
more darkly than the rest of the carpal mesenchyma. This field contains a large 
number of fine blood vessels, which are probably responsible for the denseness 
of the surrounding tissue. This field extends distally to that part of the carpus 
where later the carpal arch will arise. This field corresponds to the centrale 
blastema. A second “radius”, as described by ScuMipt-EHRENBERG, could not 
be discerned. 

In the 13.5 mm stage the carpal arch and its finger rudiments are present. 
Uina and radius are prochondrial. The centrale field is well defined, extending 
distally to the carpal arch. There are three blood vessels piercing the carpus: 
one between the tips of the ulna and the radius, one a little more distally, and one 
at the proximal border of the carpal arch. The middle one of them forms the 
interosseal foramen. The central condensation is around this foramen, the main 
distal to it. 


part thereof lyin; 


~ 


he fingers. The centrale blastema is divided by the interosseal 
foramen in an ulnar part, containing the rudiment of centrale 4, and a disto- 
radial part: the rudiment of centrale 1. This centrale thus lies unusually distally 
in the carpus, as was also the case in Procavia. It corresponds to the rudiment 
of the “‘centralia ulnaria” of description. These centralia 
are absent in the carpus of Sus, or, as seems more probable, they are not separated 


-e differentiating and growing, consuming 


the proximal string of mesenchyma mentioned above. Ulna and radius are 
chondrified. The head of the radius is strongly widening by means of a thick 
and dense mesenchyma, covering it distally. This mesenchyma extends ulnad to 
the proximal part of the central field where it looks as if it belonged to it. 
This growth zone of the radius probably corresponds to the intermedial radius 
mentioned by Scumip?T-EHRENBERG (see, further, regarding the corresponding 
tructure in Bos). In the 18 mm stage a small radiale is seen distal to the head 
f the radius. Centrale 1 is chondrifying disto-radially to the interosseal fora- 
men and on the ulnar side of it centrale 4 is also chondrifying. These two cen- 
tralia meet proximally between the tips of the radius and the ulna and are 


r. Centrale 1 lies near the radiale and 1s connected with 


63 


68 
Pas. In the 15 mm stage the proximal border of the carpal arch is marked by a dense 
ee string of darkly stained mesenchyma. The carpals are not yet differentiated 
trom centraie I. 
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Fig. 75. Carpus of Sus domestica. 22 mm. Horizon- Fig. 76. Carpus of Sus domestica. 
tal section. R.per. perichondrium of the head of 32 mm. Reconstruction. Dorsal 
radius. view. 


it by means of a strong ligamentous tissue (fig. 75). This tissue might possibly 


be mistaken for a skeletal element. 

Irom the 22 mm stage (fig. 75) the carpus is in all essentials the same as in 
the embryo of 32 mm, of which the carpus is illustrated in fig. 76. A weakly 
developed prepollex is present in the latter. The ulnare process is distinctly 
delimited from the rest of the ulna. 


Jovidae 
Bos taurus 


In a 23 mm embryo SCHMIDT-EHRENBERG found four very well developed 
“radii” present. The Ist is formed by the radius, of which the radial corner is 
said to contain the radiale and the prepollex. The intermedial “‘radius’’ was 
described as running from the ulna to the rudimentary Ist finger. Distally to it 
follows a clear zone containing the interosseal foramen. Distally to that follows 


‘ 


the 3rd radius with the rudiment of the “centrale ulnare’’. It ends in the 2nd 


finger. The 4th “radius” is a part of the carpal arch from the 4th carpal to the 


69 


U 
2 
ee 
eh 


NILS HOLMGREN 


‘arpus of Bos taurus. 17 mm. Horizon- 
R.per. perichondrium of the head of 
radius. 


was gi f this carpus, which enables me to make a 


77) the hand is about as in the 13.5 mm stage of 
s in Sus. It is, however, differentiating with a 
-ch. This condensation reaches proximally 

-amen, On the ulnar side of this foramen another 
Between the foramen and the level of the 
more scattered. The head of the radius 


lls: the growth zone. The ulna also 


zone. A small prepollex is present. 


78—8o) stages the c 
are very clearly se 


the radius 1s 


ulnar pi 
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connecti 


: 
eth Fig. 77. Carpus of Bos taurus. 13 mm. Fig. 78. ¢ . 
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me hondri cap in an ulnar direction until 1t touches the 
ulnar perichondrium, Ihe cat age Of tne radiu Imside tne or tn 
Cal s still not chondritied and therefore does not yet Sta cartilage 
stains. It looks theretore as 11 the perichondrial cap were a radius ng 
the ulna with the distal end of the radius. Through the development of the 
eo mesenchymatic cap 1s thus formed the epiphysis of the radius, i hat til really ak 
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. Carpus of Bos taurus. 18 mm. Hori- Fig. 80. Carpus of Bos taurus. 20 mm. 
zontal section. Horizontal section. 


(figs. 79, 80). At that time the perichondrial cap (‘‘2nd radius’’) is clearly seen 
te 


quite proximal to the centrale as well as to the radiale. When in later stages the 
epiphysis of the radius is fully developed, the earlier thick perichondrial cap is 
consumed and reduced to a thin perichondrium. The fact that in certain stages 
the perichondrial cap seems to reach the ulna, is due to the head of the radius 
forming a projection which gradually reaches the ulna. 

The rudiment of the “ulnar central’, described by ScumMipt-EHRENBERG in 
her 23 mm stage, is the rudiment of the centrale 1, possibly including centralia 
2 and 3. It is a remarkable fact that in Bos as in Sus and Procavia the centrale 
1 forms distally to the interosseal foramen!, later moving proximad to gain con- 
tact with the head of the radius. In the 17 mm stage it lies in the same posi- 
tion as SCHMIDT-[-HRENBERG’S “ulnar central’. It is connected on the ulnar side 
by means of a somewhat dense string of mesenchyma partly with the ulna and 
partly with the rudiment of centrale 4, which is condrifying. When in the 18 mm 

fig. 79) and 20 mm (fig. 80) stages the centrale 1 and the radiale are fairly 
well developed, the interosseal foramen has been pushed proximad to the level 
of the tips of the ulna and the radius. The centrale 1 is now a fairly large carti- 


1 The “interosseal foramen” in the Ungulates is apparently located differently from that 
in other mammals. 
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Carpus of Bos taurus. 40 mm. Reconstruc- 
tion. Dorsal view. 


* be contained in the distal part of centrale 1. 
ve distal end of the ulna is well delimited structurally from the rest of the 
Ina. This end is the ulnare process (ulnare) of the ulna. Below it lies the well 
ed rudiment of the pisiforie. 
rom this description it is clear 1) that the 2nd * 


radius at < 


‘radius” of ScHMIDT-EHREN- 
ill, 2) that the “‘ulnar central” is the proximal centrale (cen- 


longing to the real ‘‘2nd radius” or centrale blastema and not to a 
“radius”, and 


3) that the 4th ‘‘radius” is part of the carpal arch. 4) As 
7 


prepollex is developed on the true radiale, it is certain that the “prepollex” 
1 the disto-radi 


adial end of the radius has nothing to do with a real prepollex. It is 
developing radial corner of the radius. 

semi-adult hand of a 40 mm embryo is shown in fig. 81. A characteristic 

it is the somewhat widened proximal part of centrale 4, which enters 

tween the ulna and the radius. Perhaps this widened part represents the inter- 


lium. Centrale 1 has a palmar portion which extends as a lamella proximad 


The distal end of the centrale I is outlined as if it 
r part of the radiale. No border cartilage. 


Tragulidae 


Tragulus memminna 


nm specimen (fig. 82a, b) is already chondrified. It is 


s, with the interosseal foramen on a level with 
centrale 1. Its proximal end is narrowing proximad and 
part of centrale 4 just behind the distal portion (ulnare ) 


82a). This proximal part of centrale 4 differs structurally 
whic 


‘t, which bends ulnad and is fairly strongly chondrified, whereas 
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Fig. 82. Carpus of Tragulus memminna. 13 mm. Horizontal section. 


I 


Fig. 83. Carpus of Tragulus memminna. 33 mm. Reconstruction. a) dorsal, b) radial view. 


the proximal part is not so strongly cartilaginous. I consider the proximal part to 
represent the intermedium, just as it does in many other mammals, especially in 
rodents. The ulnare process (ulnare) is well delimited from the rest of the ulna, 
as is also the case in the other Artiodactyla. 

In the 33 mm embryo the carpus (fig. 83 a, b) closely resembles that of Bos. 
Centrale 4 has the same proximal widened part (intermedium). Centrale 1 has the 
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yulus. The distal end of centrale 1 rests upon the proximal end of carpal 2. 
pollex is present. 


PRIMATES 
Lemuridae 


Chirogaleinae : Microcebus myoxinus 


IMIDT-I-HRENBERG (1942) has described four stages of the development of 
bus myoxinus and in addition illustrated an adult hand of 
| made some observations on it. Her embryonic stages were those 
and 12.5 

7.8 mm stage of SCHMIDT-I-HRENBERG 1s a typical 
radial blastema with prepollex rudiment, a central blastema 
and an ulnar blastema continuing with the rudiment of the 
ire” (centrale 4). A “postminimus” is illustrated here. In fig. 9 a mesen- 
natic condensation apparently connects the “‘intermedium” with the “‘ulnare”’. 

broad carpal arch joins the ulnar blastema proximally to carpal 4. 
developed prepollex is placed radially to a rather 


“centrale radiale distale +- proximale’’, which is 


1 as being connected with the distal end of the “intermedium” by means 


1; 


red cells. The “‘intermedium”’ ‘r fig. 10 1s connected with 


SCd 


} 


by a field of mesenchyma which is condensed distally so as to 


these two stages is as follows. The radial blastema in the 
‘adiale and prepollex together with 


"is the centrale 1. The “‘ulnare’ 


stage the pre 
are the prepollex and 
to the foramen 


to this foramen 


se: proximal plantar lamella mentioned under Bos, but it is not so strongly developed ae 
in / ra 
pre 
- 
Ss 
the 
tnis 
ot 
J lie 
you 33 
“ul 
( hy 
he 
ustrate 
form a ‘‘centrale ulnare distale”’. 
7.81 age 1s the cor 
ai he growth zone ot the radius. | he “intermedium Bie 
ae is the centrale 4 together with the ulnar blastema. The postminimus is the rudi ce, 
¢ 1 tendon joining the rudiment Of the pisirorme with the 4th 5th meta- 
ce carpal. It is present in my II and 13 mm stages. In the eee 
poliex and th centrale radiale distale and proximal 
Pe the radiale. The intermedium is the centrale 1, connected ee 
interosseum with the rudiment of the distal central and ulna aa ae 
the centi ulnare’”’). The 11 mm stage of agrees 
| W 1 \ II mm stage, and 1 pis tation 
ae he ditterent elements 1S well applicable to 1t. ie 
a: in my II mm stag fig. 84) the following observations were made. In the chp 
een radial blastema a distal portion is chondrifying to form the radiale. This rudi- eae a 
Be ent is dorsally a thin strip along the distal border of the radius. Palmad the isa 
ee. ateral portion of this strip widens gradually, forming a large almost cylindrical ee 
74 
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Fig. 84. Carpus of Microcebus myoxinus. Fig. 85. Carpus of Microcebus myoxinus. 
11 mm. Horizontal section. 13 mm. Horizontal section. 


cartilage mass, at the lower tip of which the prepollex issues in a radial direction. 
At the level of the thick part of the radiale the distal central is not visible. 
The centrale 1 (“‘intermedium”’) is still prochondrial and not very large. It is 
closely connected with the big chondrifying distal centrale, the bulk of which lies 
at the top of the carpus, where the radiale is still thin. The connection of centrale 
I with centrale 4 is very conspicuous. When in the 13 mm stage (fig. 85) the 
condrification is more advanced, that part of the centrale complex which lies 
nearest to the ulna does not chondrify until much later. This part 1 interpret 
as the true intermedium. (In the 32 mm stage this part is chondri fying.) In the 
[1 mm as well as in the 13 mm stage the distal end of the first carpal carries 
a short proximad directed blastematic process, which represents a radial border 
cartilage. The ulnare process is clearly delimited in the 11 mm as well as in 
the 13 mm stage. Below it lies the rudiment of the pisiforme. 

In the adult animal the radial corner of the radius is strongly protruding. 
This part of the radius was interpreted as the “true radiale” (Scuipt-EnREN- 
BERG). It is, however, the processus styloideus radii, developed as an insertion 
process for the dorsal ligamentum collaterale radiale and the volar ligamentum 
radio-carpeum volare. It is always more or less present in mammals. In my 
32 mm stage (fig. 86 a,b,c) it is well developed. In this stage there is an 
intermedium (fig. 86a). The pisiforme is about to shift over from the ulnare 
process to centrale 4 (fig. 86c). The radiale forms a fairly long part of the 


radial border of the carpus, whereas in the adult it seems to be separated from 
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truction. a) dorsal, b) radial, 


Ny ticebus tardiqradus. 


Reconstruction. Dorsal view. 


id process. The strong prepollex is inserted into the 


lar end of the radiale (fig. 86b). The radial border cartilage forms a short 
process on the Ist carpal (fig. 
Loricidae 
hus tardigradus 


87) at my disposal offers nothing of special in- 


alia 1 and 4 meet proximally in a small intermedium. A prepollex is 
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Fig. 88. Carpus of Galago moholi. 20 mm. Reconstruction. a) dorsal, b) radial, c) ulnar view. 


present, but no radial border cartilage. The pisiforme is small, inserted chiefly 
into the ulnare process, but it also has a small insertion in centrale 4. 


Galaginae: Galago moholi 


In the 20 mm embryo of Galago (fig. 88 a,b,c) there is a small cartilage 


nodule — an intermedium — connecting centrale 1 and centrale 4 with the ulna 
medially to the big ulnare process. Two distal centralia are present, one proximal 
to the 1st carpal and the other proximal to the 2nd and 3rd. This is interesting, 
as in the other Prosimiae but one distal centrale is present. The occurence of 
two in Galago seems to indicate that the single centrale in the other Prosimiae 
consist of centralia 2 and 3. The first carpal has a very long palmar prolonga- 
tion. The radiale is also prolonged in a palmar direction. At its distal palmar 
corner it carries a long prepollex, which is chiefly developed in the ligamen- 
tum carpi transversum, from the Ist carpal issues a radial border cartilage, 
which runs superficially down to a level with the palmar end of the radiale. 
On the distal border of the pisiforme a cartilaginous process runs distad, grow- 
ing tendinous, the tendon (ligamentum piso-hamatum) becoming inserted into 
the lower edge (hamulus) of the 4th carpal. A similar process is present in 
Microcebus, and there also it continues distad in a tendon, inserting into the 4th 
carpal. 
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orsal, b) radial view. 


In the 40 mm stage (fig. 89 a,b) the carpus has not much altered. Centrale 
-d and seems to have fused with centrale 2. The intermedium 

is still present as a separate cartilage and the ulnare process is comparatively 
delimited. The pisiforme is chiefly in contact with the ulnare process. 
radial border cartilage is shorter than in the 20 mm specimen. The pre- 


. 


pollex is as before. 
Tarsioidea 
Tarsius spectrum 


[he development of the carpus of Tarsius has been described by KINDAHL 
1944), who has reproduced some beautiful photographs of horizontal sections 
he hand of the 8.5, 10.5, 13 and 20.5 mm stages. In the 8.5 mm stage 

it is seen that the carpal arch is very thick, the future carpals being 

covered with a thick layer of darkly stained mesenchyma. In this 

; large condensations were found proximally to the 3rd and 4th 
These condensations are not the rudiments of the centralia 3 and 4, 
growing zone which is gradually consumed as the big proximal parts 
p. In the 10.5 (fig. 91) and 13 mm (fig. 92) stages 


ly strongly diminished, and in the 20.5 mm stage it 


fferentiated in a distal 

growth zone. The centrale system consists of a proxi- 
centrale 1, connected with the ulna. In the 

sends out a somewhat chondrifying (prochon- 


he dark-stained growth portion of the second carpal 


This tongue represents the distal centrale (or centralia). The cen 


tema is connected with the rudiment of centrale 4, the two rudi- 


ic part that connects them with the ulna. The 


- developing ulnare process, below which the pisi- 
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go. Carpus of Tarsius spectrum. 8.5 mm. Horizontal section. 


or. Carpus of Tarsius spectrum, 10.5 mm. Fig. 92. Carpus of Tarsius spectrum. 
Horizontal section. 13 mm. Horizontal section. 
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‘sius Spectrum. 20.5 mm. Horizontal section. 


q° 
Li 


lifferentiated. The carpals are developing their big proximal 
. g2) the carpus is fully chondrified. The radiale 1s 
palmar corner carrying a weak prepollex. The central 

1, connected proximally with a blastematic body 

ulna. With this body, which apparently represents 

} is connected. A well-defined distal centrale is pre- 

and 2nd carpals. The ulnare process has chondrified 
Below its tip the pisiforme is chondrified. The car- 


developed their big proximal parts. 


20.5 mm stage ( fig. 93) the intermedium is chondrified. It is connected 


stally partly with centrale 1, partly with centrale 

wollex is a still non-chondrified weak rod, issuing from the disto- 
the radiale. 

conditions have not altered. The intermedium is still 


centrale seems, however, to have decreased in size. 


Anthropoidea 
Cercopithecidae: Pithecus pilbricki 


collection contains only a single specimen of 10 mm body length. In this 


present the radius and the ulna with their blastemas, of which the 
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Fig. 94. Carpus of Macacus pilea- Fig. 95. Carpus of Semmnopithecus entellus. 40 mm. 
tus. 106 mm. Reconstruction. Dor- Reconstruction. Dorsal view. 
sal view. 


radial carries a diffusely outlined prepollex. In the central part of the carpus 
a diffuse condensation apparently signifies the complex of centralia. But this 


specimen was not well preserved, so that no details were determinable. 


Macacus pileatus 


In a specimen of this species, measuring 16 mm (fig. 94), the carpal com- 
ponents are already chondrified. Centralia 1 and 4 are connected proximally 
with a big blastema situated between the distal ends of the fore-arm bones. 
This mass possibly signifies an intermedium. Centrale 1 is well developed; 
distally it is followed by a big distal centrale (centrale 3). A prepollex is pre- 
sent on the lower distal part of the radiale. The Ist carpal carries a fairly long 
sausage-shaped radial border cartilage. | have made a reconstruction from a 
transverse section of this carpus, but it did not succeed well, as the elements 
of this stage are too indistinctly outlined. I reproduce it here, however, because 


of the big radial border cartilage. 


Semnopithecus entellus 


The 10 mm stage of this species is but little more advanced than that of 
Pithecus, but in the central part the rudiment of centrale 1 is determinable and 
also a very weakly pronounced blastema of the distal centralia. Ulnar to the 
foramen interosseum the rudiment of the 4th centrale is diffusely outlined, 
quite blastematic. 

In the 40 mm stage the carpus is quite chondrified. A reconstruction is seen 
in fig. 95. In the carpus there are two distal centralia (centralia 2 and 3), 
of which the radial is partly fused to the radiale. A broad conical prepollex is 
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view, b) radial portion 


Ist carpal carries a short radial border cartilage. The pisiforme 
| with the strong ulnare process, but it also extends a little 


Hom 


Hom 


Id 


I-HRENBERG has published a picture of the carpus of a 15 mm 
listal centrale is seen. The radiale 


this embryo a rudiment of a « 
s being composed of two radial centralia and 
Centrale 4 is called the ulnare. 


m is described a 


itrale as “‘intermedium”’ 
lying outside the radiale, probably represents the rudi- 

r cartilage and belongs to the Ist carpal. 
lomo (fig. 96a,b) the head of the radius is 


ling radially. The ulnar process is well defined. The radiale 


repollex. No distal centralia are present. Centrale 4 has a proximal 


protru 
no | 
ther with the fairly narrowing proximal part of centrale 1, rea- 
to the ulnar process. The Ist carpal has distally a short 


directed proximad. This cartilage is the praetrapezium, 
is occasionally present in the adult hand of Homo. 


i 


DISCUSSION 


e at a comparative anatomical understanding of the mam- 
lian carpus without a thorough knowlegde of the carpal conditions of the other 
‘oups of tetrapods, we shall begin the discussion with a summary recapitula- 


most important results of investigations carried on during the last 


or 


thirty years into the carpus of frogs, turtles, lizards and crocodiles. I leave 


~ 
; 
hig. Carpus ot /fomo sapiens. 45 mm. Reconstruction. a) dorsal 
or the carpus 1n volar view. 
present and the | 
is chietly articul; 
ang centrale 4. 22 
MMMM inidae 
: SCHMIDT 
embryo. It 3 
the rudiment 
\ strong “prepoll 
a ment of the radial 
in mv 45 mm ¢ 
7 
strongly 
. 
¢ 


83 
AN EMBRYOLOGICAL ANALYSIS OF THE MAMMALIAN CARPUS 


out the birds because of the extreme carpal spezialisation, which has obscured 
the original conditions of their carpus. I have also excluded here the urodeles 


from this recapitulation, reserving them for a later section of this paper. 
ARCHEPODIUM AND NEOPODIUM 


In my paper of 1933 I laid a certain stress upon the fact that the tetrapod 
limb is composed of stem portions and rays (fingers and toes). It was shown 
there that the rays arise independently of the stem portions. This fact was 
emphazised by WesToLL, the stem portions being called the archepodium, the 
ray portion the neopodium. The archepodium grows out in a distal direction, 
the neopodial rays (digits) grow partly in a proximal (converging), partly in 
a distal (diverging) direction. The proximal growth of the digits causes the 
proximal ends of the digits to come into contact with one another at the distal 
end of the archepodium components. At the proximal ends of the digits the 
carpals are cut off from the rest of the digits, forming the carpal arch. The 
carpal arch together with the rest of the digits forms the neopodium. It is 
of the greatest importance for every limb theory to keep this fundamental fact 


in mind. 


THE ARCHEPODIUM OF NON-MAMMALIAN TETRAPODS 


(excepting urodeles and birds) 
Anurans (SCHMALHAUSEN 1915, HOLMGREN 1933). 


The archepodial part of the hand consists (according to HOLMGREN 1933) 
of the following elements : 

1) The radiale with the “‘prepollex’’. The radiale is sometimes fused with the 
intermedium, but generally with centraie 1. 
The ulnare, with the pisiforme developing on its lower side. 
The intermedium. 
Centrale I (proximal centrale) usually connected with the intermedium or 
with the radiale. 
Centralia 2—4 (distal centralia). Centrale 2 is proximal to the first finger, 
centrale 3 is connected with the carpal of the third finger and centrale 4 is 
proximal to the fourth finger. The distal centralia thus form a series 


proximal to the carpal arch. 


Chelonians (HOLMGREN 1933, STEINER 1934). 


The radiale is quite rudimentary, sometimes disappearing in Chrysemys, 
but said to be present in Emys and others. A “‘prepollex” rudiment may 
occur. 


The ulnare is a separate element connected with the pisiforme, which 


occupies a lower level than the ulnare and lies somewhat outside it. 
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intern 


nedium is always present. 


rale 1 (proximal centrale) 


is broadly connected with the intermedium. 
extende 


1 towards the radial side of the carpus. 
1 (distal centralia) form a transversal series. Centralia 2 and 
toge 


gether, proximally to the first and second (and third) fingers 
vely. Centrale 4 lies more apart, without connection with the other 
i, lying proximally to the third and fourth fingers. 


dosaurians [Agama colonorum (HOLMCREN 1933) ]. 


1S pre sent, but a prep Ilex has not been recorded 
is always present. In Agama it is fused with centrale 4. Pisi- 
sent on the lower side of the ulnare. 


ium is present, small. 


yroximal centrale) is large, directed radiad. 
1 are small. Centrale 3 is connected with centrale 1 and with 
vell. A connection between centralia 2 and 3 exists in early 
ile 4 connects with the ulnare, whereas centrale 


ages Centr. 


dependent. 


mbryos at most three centralia are present (Lacerta) 
only one (Ascalobothes) SEWERTZOFF 1907). 


-s (HOLMGREN 1933, STEINER 1934). 


small. Apparently no prepollex is present. 
irries the pisiforme on its lower side. 


fused on to centrale I. 
imal centrale) forms the radial border of the carpus. 


rably during the development. 


4 


re fairly distinct already in young embryos. Centralia 
istall the distal end of centrale 1, proximally 
irst and second fingers respectively. Centrale 4 chon- 


2 and 3 and lies proximally to the carpals of the third and 
level with centralia 2 and 3. The three distal carpals 
to the carpal arch. 


series proxima 


i 
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Diagram of STEINER’s interpretation of the tetrapod limb. b) Diagram of Hotm- 
GREN’S interpretation of the tetrapod limb. 


is fused to the intermedium, centrale 1 then being removed from the distal 


end of the ulna. 

The ulnare is a separate element, carrying the pisiforme on its lower, exter- 
nal side. 

The intermedium is a distinct element, in young embryos connected with 
the distal radial corner of the ulna. 

Centrale 1 is generally connected with the intermedium (except in some 
anurans) and frequently with the radiale. 

Three distal centrals are always present, forming a transversal series prox- 
imal to the carpal arch. Centralia 2 and 3 are situated radially, centrale 4 
ulnary in the carpus. Centrale 4 is generally well separated from the other 
distal centrals and from centrale 1. 


The archepodium thus contains 8 elements. 


THE MAMMALIAN ARCHEPODIUM ACCORDING TO DIFFERENT 
INTERPRETATIONS 


t. In older works of the mammalian carpus the archepodium is composed 
of the scaphoid (naviculare or radiale), the lunatum (intermedium), the tri- 
quetrum (ulnare) and the pisiforme in a proximal series and two centralia. 
The archepodium thus contains 6 elements. 

2. According to STEINER’s (and ScHMIDT-EEHRENBERG'S ) interpretation, the 
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mm to the radial corner of the radius, which thus 
The radiale of earlier workers iS composed 
‘rmedium and the triquetrum is the 


ulnare. The two distal centralia 


n the archepodial elements are the radiale 
the centrale 1, the ulnare and the pisi- 


centralia (cen- 


of archepodial 


rapods excepting the urodeles. 


In the following table 
-adial and ulnar 


considered in 


)} What is the radiale as inter- 
it is the radiale as inter- 
and ScHMIpDT-EHRENBERG? In 


a tapering distal tip 


a 


carries the prepollex, if pres 
ulnare. The pisiforme is connected with the “a 
ee ire two ulnar centralia. According to this interpretation the archepodium con- 
ee tains & elements 
3. According to my interpretatio 
the prepollex, the intermediu 
i 
oe forme in a proximal series. In the central series there are thre ZZ . 
oe ralia 2 . The archepodium thus contains 8 elements. i 
o [he theory of STEINER agrees with my theory in the number Si 
nts and 1n e number in non-mammauan tet 
Nevertheless the two theories are tundamentally ditterent. 
- 
fterences will be easily recognized. Ihe prepollex an 
An order cartilages have been omitted from the table. They will b ZZ?’ rt 
ae: special chapter. 22 
1 
a Sterner (and EHRENBEI HoLMGREN 
I I I (+1 Q7 | ) 
ig. QO7 a) ig 
Scaj re Centrale radiale proximale distale| Radial 
} le’’ processus stvloi leus radii 
loideus ulnae |head of ult ilnare (ulnare process) 
ter entrale I or | 
entrale 1 intermedium| 
2 nterme liu 
} 
he fundamental differences between STEINER’S (and SCHMIDT-]EHRENBERG S ) 
1] ] 1 it nec at 
nd IGREN interpretation Ol the mammalian carpus ake 1t necessary to 
thet it some ltengtn the problems which We now Nave lO taCnit ITSt 
re: the radiale probie1 the ulnare problem, the intermedium probiem, the 
prepollex problem and the problem of the centralia. 
THE RADIALE PROBLEM 
ithe radiale problem contains two questions: I 
i 
preted by STEINER and SCHMIDT-E-HRENBERG and 
preted by me and others. 
1) What is the “‘radiale” according to STEINER 
ev the urodele embryo the radius extends distally to form oe 
60 
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portion, In this tip there develop proximally the radiale and apically the car- 
tilage y and the prepollex. The first blastematic tip of the radius to appear thus 
contains the radiale and its two distal elements. This was described especially 
by SCHMALHAUSEN, STEINER and others. In Chelonians the rudiment of a pre- 
pollex may be present in the early embryo, but how this rudiment develops 
later is not known. In Chrysemys I (1933) did not find any rudiment of the 
radiale, but STerNER found a small radiale at the corner of the radius.! Ac- 
cording to STEINER a radiale is present in Emys (Baur, ROSENBERG and SE- 
WERTZOFF). In Sternotherus a cartilage is present, lying in the same way as the 
“radiale” of Emys. In Agama, among the lizards, a small radiale is present, 
but no prepollex. In Ascalobotes SEWERTZOFF described a big radiale, but, as it 
does not develop from the external corner of the radius, | presume that it is 
probably the centrale 1. No prepollex is present. In a young Lacerta the “‘radiale”, 
which however is fused to a centrale (centrale 1) may be a radiale. No pre- 
pollex is present. 

Thus the conditions of the radiale in the non-mammalian tetrapods mentioned 
here seem to sustain the assumption that the radiale and the prepollex may be 
developed in connection with the external corner of the radius even in mammals. 
In fact, ScHMiptT-ISHRENBERG has published a number of pictures in which the 
“radiale” and ‘‘prepollex’’ do actually seem to be in that relation to the radius. 
I shall therefore examine these pictures closely. In Homo (15 mm) a big “‘pre- 
pollex”’ has been illustrated in such a relation to the corner of the radius that 
one might suggest that it belongs to it. 

This rudiment, however, is not a prepollex, but the radial border cartilage 
“der auf einigen Schnitten in der Palmarseite der Hand neben dem Carpale 1 
erscheint”. This description tallies very well with the radial border cartilage in 
my 45 mm embryo. In Microcebus of 7.8 and 10.2 mm the prepollex is a real 
prepollex connected with the distal part of the radial blastema, which contains 
a strong cartilage rudiment separated from the radius. In the 11 mm embryo the 
figure seems to indicate that the prepollex should have some close relation to 
the radius. But this figure is incorrect, as in this stage the prepollex is inserted 
at the most palmar corner of that element which I have interpreted as being 
the radiale, Scumipt-E-HRENBERG as the centrale radiale distale. In the adult the 
radial corner of the radius has been interpreted as the radiale. | have already 
regarded this condition as being related to the insertion of a certain muscle and 
strong ligaments (fig. 86). The ocurrence of a knoblike process on the corner 
of the radius in H/emicentetes may be of a similar nature. In J/us the prepollex 
illustrated by ScumMipt-[-HRENBERG is the radial border cartilage. The true pre- 
pollex is simultaneously present, situated at the palmar corner of the radiale of 
my description. In Cavia the prepollex is always situated on the radial blastema. 


1 Later I have found a small radiale in some embryos of Chrysemys. In one specimen a 
small prepollex was situated on the rudimentary radiale. 
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es very significant at the disto-paimar corner of the radiale. A big 
border cartilage, not mentioned by ScuM1IpT-EHRENBERG, 1s also present, 
+ the rudiment of the prepollex is connected with the radial corner of the 


| blastema and later, as usual, with the radiale. In Dasypus the growth zone 


he radius is extended radiad. The prepollex, illustrated by Scumipt-[-HREN- 


prepollex but the strongly developed radial border cartilage. The 


is the case with Didelphys, in which the prepollex is perhaps absent, unless 
fused with the radiale without any visible boundary line. Thus in ScuMipt- 
NBERG’S paper there is not a single case where the prepollex 1s connected 
the radial corner of the radius or where this corner can with any justifica- 


said to represent a radials 


What is the radiale as interpreted by me (and others) ? 


As we have stated in the preceding paragraph, there is no evidence in support 


assumption that a radiale is hidden in the radial corner of the radius 
the prepollex is related to this corner. We must therefore look for 


ive of a radiale. In the mouse and other embryos I have 


vely shown that the radial blastema contains a) the growth zone (peri- 
of the head of the radius, and b) the blastema in which the radiale 
y description develops. In addition, the rudiment of the prepollex belongs 


tter part of the radial blastema. As the radial blastema clearly belongs 


branch of the limb, the radiale and the prepollex must be the apical 


+ of this branch. But this radiale, according to STEINER and SCHMIDT-[-HREN- 


is said to contain two centralia, viz. the centrale radiale distale and prox- 
It is necessary therefore to consider the evidences on which that assump 


} 


is based. In other words: is there in mammal 


s any real evidence that my 
is composed of two separate elements? I must answer: there is in my 
erous mammalian embryos no evidence of the radiale being a compound 
In a few of Scumipt-EnRENBERG’s pictures there might possibly be 


grounds for the suggestion that the radiale could be composed of two 


ry 


ts. Such is the case with the radiale of Homo and Hemicentetes. In both of 


he radiale is somewhat narrower in the middle than in the ends. But 
ictures are combination pictures, they afford no reliable evidence and even 
rtilage is narrow in the middle, that cannot be any evidence of its com- 
nature. In Dasyvpus of 12 mm her picture seems to indicate that the 

| 
is compound, but this picture affords no proof either. | have already 

1 j 


lered it in the description of the 12.5 and 13 mm stages, where the centrale 


proximale of ScHMipT-EHRENBERG was stated to be the blastema, by 


ins of which the radiale grows in an ulnar direction to meet the centrale I. 


of 11.5 mm, however, Scumipt-EHRENBERG seems to have produced 
evidence for the compound nature of the radiale. This evidence is given 


f a horizontal section (probably made by combining several sec- 


ns). This picture demonstrates three cartilages lying distal to the head of the 
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radius. These are determined as the “intermedium”, the centrale radiale prox- 
imale and the centrale radiale distale. Of these the intermedium is the centrale 1 
and the two others together the radiale. I have most carefully studied the 
radiale in the 9, 9.5, 10, 11.5, 12 and 17.5 mm stages of J/us and have al- 
ways found the radiale without any trace of a double origin. The comparison 
which she has made with my description of 1933 (p. 280) is quite erronous. This 
description was made without any knowledge of the existence of a radial border 
cartilage. What is referred to there as a prepollex is the radial border cartilage, 


‘ 


and the ‘‘centrale prepollicis” is the prepollex proper, located as usual on the 
radiale. The only way to explain ScuMipt-EHRENBERG’S picture is to assume 
that the sections were cut so that the downward bent portion of the radiale was 
cut simultaneously with the centrale 1 and the horizontal portion of the radiale.’»? 
One thing is however certain: that in my material the radiale is a perfect unity, 
developing as a unity in the radial blastema. 

The presence of a true intermedium, simultaneously with the “intermedium” 
of STEINER has important consequences for the radial centralia of STEINER. 
See 9O. 


THE ULNARE PROBLEM 


In all non-mammalian tetrapods the pisiforme develops with an original rela- 


tion to the ulnare. Usually it is situated below the ulnare but in turtles it may be 


located outside it. In mammals it develops always on the lower surface of the 
distal end of the ulna. At the time of differentiation of the pisiforme the ulnar 
blastema forms dorsally the “ulnar epifyse” or “processus styloideus ulnae’’, but 
ventrally the same blastema forms the rudiment of the pisiforme. The styloid 
process and the pisiforme thus both originate from the distal end of the ulna. 
The pisiforme retains this relation during the early embryonic stages. The con- 
clusion to be drawn from these statements is that the styloid process represents 
the ulnare. This suggestion was first expressed by KINDAHL (1941—42). She 
found the ulnar epifyse (styloid process, head of the ulna, “‘Gelenkvorsprung” 
etc.) as a separate or nearly separate rudiment in Erinaceus, Centetes, Ericulus 
(1941) and in Talpa (1942). To these observations it may be added that I have 
found a separate “styloid process” in a specimen of Didelphys, an almost free 
process in Echidna and at least a somewhat delimited process in a large number 
of other mammal embryos, such as those of Funambulus, Pedetes, Galeopithecus, 
Manis, Felis, Phoca, Sus, Bos, Tragulus and Microcebus. The styloid process 
invariably forms later than the ulna proper and is still prochondrial (or slightly 

1 Compare p. 27, where Ursing’s two “centres” in the radiale of Bradypus are inter- 
preted. A similar interpretation is applicable on ScHMIpT-EHRENBERG’s picture. 

2 Another possibility is that in the picture sections at different levels have been com- 


bined. In that case the “intermedium” may be the palmar lamella of the centrale 1 combined 
with its dorsal part and the true radiale. 
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is chondrified throughout. It is thus obvious that 
irly independent position in regard to the ulna. As 


relation to it as the pisiforme has 


m the preceding statements no 


brocess is the mam- 


non-mammalian 
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is connected with the radial part of the rudiment of centrale 4. From the deep 
(palmar) part of the intermedium-centrale, about on a level with the distal 
ends of the radius and the ulna, a large but as yet indistinct tongue of blastema 
extends in a radial direction to join the medial palmar border of the radiale. 
The medium part of the intermedium-centrale 1 blastema continues distad and 
radiad, carrying the centralia 3 and 2, which are fusing on to each other proximal 
to the third and second carpals. | must confess that the 9.5—10.5 mm stages 
give no conclusive picture of the development of the intermedium-centrale 1 
complex in Jus. In the 11.5 mm stage (fig. 54a,b), where all elements are 
chondrified, so that an exact graphic reconstruction of the carpus could be 
made, the following observations have been made. The proximal part of the 
intermedium-centrale 1 is drawn out to form a rather long and broad band, 
connecting partly with the centrale 4, partly with the ulna. The broad part of 
the intermedium-centrale has fused on to the radiale. The palmar tongue of 
blastema (fig. 54 b, p./.) already mentioned has now chondrified and joined the 
palmar surface of the radiale. The 11.5 mm stage shows not only that the 
centrale 1 part of the intermedium-centrale 1 complex joins with the radiale, 
but also that the band-like intermedium part is not chondrified at all. There 
is, however, an indication in the 17.5 mm stage that a distal portion of the inter- 
medium becomes chondrified and fused on to the proximo-medial border of the 
rudiment of the centrale 4. 

The description of the intermedium-centrale 1 complex in ./us thus affords 
no conclusive evidence in support of the interpretation of this complex given in 
the preceding lines. Such evidence is afforded especially by two other rodents, 
viz. Pedetes caffer and Bathyergus janetta. In both of them the intermediwn 
is perfectly chondrified and well separated from the centrale 1, which is fused 
to the radial in Pedetes but is perfectly free in Bathyergus, as has already been 
shown. The intermedium of these rodents arises as the blastematic band in \/us 
and is distally connected with the proximo-medial border of the centrale 4 
(figs. 43, 46). In Mus at least the proximal part of the intermedium does not 
chondrify, but it must nevertheless represent the intermedium. After the pre- 
ceding descriptions it can be added that a more or less independent intermedium 
is present in: Tupaia, Elephantulus, Talpa, Sorex, Dasypus, Viverricula, Galago, 
Nycticebus, Tarsius and possibly in Pipistrellus, Centetes, Manis, Procavia, 
Tragulus, Microcebus and Macacus. 

The result of this discussion of the intermedium question thus is that there 
is simultaneously present in some mammals an independent intermedium as well 
as a centrale 1. In many mammals, perhaps in most of them, the intermedium 
does not chondrify; nevertheless the intermedium and the centrale 1 belong to 
the mammalian carpal pattern. 

In cases where the intermedium retains its temporary independence it forms 


a link between the ulna proximally and the centralia 1 and 4 distally. When 


gI 


i 

: 

: 

Lie 
‘ 
: 

Oe 


+} focc 
a 
} 
u 
/ 
} 
es 
il 
he prepe 
| Z 
I> 
e7111IN 


fusion now occurs, it may be effected either with centrale 1 or with centrale 4. 


NILS HOLMGREN 


In the case of the rodents it is stated that the fusion took place with centrale 4. 


ith centrale 1 cannot be exemplified easily, but nevertheless must be 
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However that may be, one thing is clear, that the centrale I 1s 


most a centrale I an intermedium. The 


PREPOLLEX AND THE “RADIAL SESAMOID” 


has devoted a special chapter to the prepollex of the rodents. 


[he starting-point of his investigation is the conditions which BAaRDELEBEN 


in Pedetes caffer. In this rodent BARDELEBEN found a pre- 


posed of two ossified joints | MECKEL (1825) already knew of these 


stated that similar parts were present in Cricetws and Cavia]. EMERY 


Vus decumanus and Lepus cuniculus. In Lepus 


is said to consist of a cartilaginous rod, of which the distal part is situated in 


Imaris, whereas its proximal part was found between the scaphoid 


cium (1st carpal). In the squirrel there is a rodlike prepollex, 
stad parallel with the metacarpal of the first finger. It 1s inserted 
tal borde? the scaphoid. Mery found the same relation to 


in the “‘os sesamoideum radiale” of a dog embryo. In Marsupials 


to the trapezium, in Carnivora either to scapho-lunatum 
in Lemurids to the trapezium, the same being the case in Primates 
to the scaphoid and 
the 


h the scaphoid, in rodents 


ne scaphoid 


is obvious that the “prepollex” is 


Statements BARDELEBEN it 


ted more distally 
rtion of the “prepollex” may, perhaps, indicate a different 


‘‘prepollex” or at least a shifting of ““Sca- 
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hese sugggestions corresponds to the facts. The true prepollex 


lower part of the radio-distal palmar border of the 


ultaneously, however, the ‘‘radial sesamoid” may be 
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The ‘radial sesamoid” or “border cartilage” thus contains the prepollex as 
well as that other cartilage thrown together. For the latter | have preserved the 
name: “‘radial border cartilage” or bone. 

The radial border cartilage has been studied especially by ALBERTINA CARLS- 
son (1891) in adult mammals. She has stated that a part of the fascia palmaris 
and a part of the musculus abductor pollicis longus are inserted in it, whereas 
the muse. abductor and flexor pollicis brevis may issue from it. There is, how- 
ever, some variation regarding these muscles in the different mammals. 

The “radial border cartilage” is present in Echidna, Didelphys, various In- 
sectivores, Chiroptera, many rodents, Dasypus, bats, Lemurids and monkeys. 
The prepollex seems to be always present in mammals.! 

BARDELEBEN’s description of the conditions in Pedetes was used as starting- 
point of Emery’s interpretation of the prepollex in rodents. According to Bar- 
DELEBEN the prepollex of Pedetes consists of two joints, a proximal rodlike one 
connected with the scaphoid and a distal platelike one, lying inside the strongly 
developed radial carpal ball. Outside this distal joint a horny structure, a “nail” 
is developed. Ina 20 mm embryo at my disposal it is clearly seen that the two 
parts do not belong together, the proximal being the true prepollex, the distal 
the “radial border cartilage”. (See the description in the special section of this 
paper. ) 

In Mus decumanus merry found at the distal end of the “‘prepollex” a 
hard tendinous plate, which he considers homologous with the plate in Pedetes. 
Practically the same is present in Lepus. In these cases the “prepollex” is the 
“radial border cartilage’. Simultaneously the true prepollex is present at the 
“scaphoid. In a 15 mm embryo of Lepus, figured by Emery, the rudiment of 
the “‘prepollex” is clearly the rudiment of the “radial border cartilage”. 

The prepollex of the mammals is always developed from the distal part of 
the radial blastema and—as the radiale is developed in that part of the blastema— 
located on the radiale. 

The radial border cartilage is developed from the basal part of the Ist digit. 
In the rodents the rudiment is located about at the level, or somewhat distal 
to the level, at which the Ist carpal is later cut off from the rest of the digit. 
The insertion of the border cartilage in the first digit is, therefore, located 
on the first metacarpal. In other mammals, as in Monotremata, Marsupialis, 
some Insectivores, Chiroptera, Dasypus, Lemurids and Primates it is located 
on the 1st carpal. As far as could be ascertained, the rudiment of the cartilage 
therefore appears on the carpal a little proximal to the level of its point of 
separation from the 1st metacarpal. 

The radial border cartilage must be considered to be of normal occurrence 


in the mammalian hand. Under such circumstances the question obviously arises : 


1 The prepollex, illustrated by ScHMmipT-EHRENBERG (1942) in (Hemucentetes), Mus, 
Dasypus and Didelphys is the “radial border cartilage”. 
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responding cartilage in the mammalian ‘oot’ A reconstruction 
nouse shows at once that there is such a corresponding car- 


cartilage. It issues from the Ist tarsal (fig. 98) as a car- 


it 


which runs proximad to a level with the distal end of the 

lus, where it wide a fairly large plate on the plantar side of the 
lus, analogous with the plate which fr : ms the apical end of 
This plate has been seen many times, for instance 

EHRENBERG (1942). Both of us have in- 

which has lost its connection with the tibia 


part of the cartilage has been called prehallux 


connection with the first tarsal makes it certain 


t present | have not carried my 


but it is obvious that we must find it in 
Its behaviour in the mouse indicates that it may 
not seriously treated question of the prehallux in 
nalian embryos a prehallux rudiment is fre- 
vanced embryos its presence seems doubtful. 

‘opose to enter into this problem at present. 
artilage is well known to the older school of anatomists 
Baur, BARDELEBEN (1899 and others), DoBSON (1882), 
ALBERTINA CARLSSON (1921) and others. But it does 


the embryologists. 


TETRAPOD HAND SEVEN-FINGERED? 
r to this question at the present time seems to be that it was; 


jallux) and the pisiform (postminimus) representing the 


iditional fingers (toes). Many earlier authors, such as GEGENBAUR (1864), 
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Leypic, Baur, HorrmMan, FEjeErvary (1925) and others considered the pre- 


ex to be a new acquisition to the tetrapods, but Brown (1876), BAYER 
vollex to | n juisit to the tet ls, but Brown (1876), Bayet 


(1855), SCHMALHAUSEN (1908), BARDELEBEN (1912), STEINER (1921), FISCHER 
(1927) and others thought that it is a finger ray comparable with the other 
finger rays. 

I cannot share any of these opinions, because the investigations carried on, 
for instance, by SCHMALHAUSEN, STEINER and myself have shown that neither 
prepollex and prehallux nor pisiforme and postminimus (== pisiforme of the 
foot) are neopodial, but archepodial structures. As archepodial they cannot 
be compared with the neopodial finger rays. The prepollex (and prehallux) 


‘ 


is the end portions of the radial (tibial) “radius” respectively, the pisiforme 


and the postminimus the end portion of the metameral axis. 

The only cases where there can be some doubt about this conclusion may 
be the conditions in urodeles and anurans. In the urodeles the radial “‘radius” 
and the metapterygial axis sometimes (prehallux and postminimus in //ynobius, 
prehallux in Ambystoma and sometimes in Cryptobranchus) end in a very 
small cartilaginous piece. This piece can, perhaps, represent a neopodial addition, 
but as we do not know anything of its early ontogenetical development, we are 
not entitled to draw any conclusion in that direction. 

In the anurans the “prepollex” is unusually large, in Alytes and Pelobates, 
and probably others, it consists of two joints. According to the figures publish- 
ed by SCHMALHAUSEN in a paper in the Russian language!, the prepollex seems 
to arise as a real undivided digit, later being divided into two joints. ScitMAL- 
HAUSEN therefore seems to consider the prepollex to be the first real finger. 
Discounting the prepollex, however, there is in the anuran hand frequently a 
fifth carpal present. Therefore SCHMALHAUSEN concluded that the anuran hand 
once had six true fingers. As, moreover, he believed that the pisiforme car- 
ried a seventh finger, he seems, if I have interpreted his figures correctly, to 
have arrived at the seven-fingered hand, though in a way different from that 
of previous authors.? 

Assuming that the prepollex is neopodial in the anurans, it cannot be homo- 
logous with the prepollex in higher tetrapods, which is archepodial. In the 
latter the prepollex must correspond to the piece y, according to my (I-MERY’s) 
terminology (1933), or m1 according to SCHMALHAUSEN’S (1915). 

Now the question arises: Is there in mammals something that can answer to 


the anuran prepollex. Of such a “something” it must be required 1) that it is in 
some way associated with the mammalian prepollex, and 2) that it is of neo- 
podial origin. 
1) In some rodents (Pedetes, Bathyergus and others) the prepollex consists 
1 T could not read this paper. 


2 SCHMALHAUSEN considers the first normal finger to belong to the radial ray. In this 
I cannot follow him. 
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two 
[he distal piece originates from the radial border cartilage, which devel- 
the proximal portion of the first digit, either from its carpal or 
its metacarpal part. It is thus of neopodial origin. The radial border carti- 
is generally not directly combined with the “prepollex”, but is 
as a support to the radial carpal ball. The two characteristics of the 
Ilex are thus present in regard to the radial border cartilage in 


act that this cartilage does not resemble a digit at all. But the 
tional adaptation of the radial border cartilage to support the carpal 
responsible for the peculiar development of this neopodial com- 
has been said here about the radial border cartilage is prob- 
ulnar border cartilage’ in relation to the pisiforme. 
may find substitutes for the otherwise missing 

malian prepollex and postminimus digits. 


THE PROBLEM OF THE CENTRALIA 


STEINER the tetrapod carpus (and tarsus) contains four cen- 


d in two parallel rows, one extending from the ulna, through the 

", the proximal and the distal radial centralia to the first finger, 

from the ‘‘ulnare” through the proximal ulnar and the 
lia to the second f1 


limals to which this picture of the centrale seems to apply 


ius (Salamandrella) Kaiserlingi SCHMALHAUSEN 
certain specimens contained these two rows 
the closely related /7ynobius retardatus no such specimens have 
Vegalohatrachus, which normally has but one centrale, in some 
appear during the ontogeny of the posterior limb. I have pointed 
rnumerary centralia probably appear with relation to the growth 

f the tarsus (HOLMGREN 1931). Even if these supernumerary 
‘Postcentrals”, WESTOLL (1943)] ‘“‘serve the purpose of broadening 
a priori excluded that they may have a phylogenetical value 

1949, pg. 494). Before accepting the possibility that the 

Urodeles have a phylogenetical value, we m first of 

of their relation to the other tarsal elements. The mode 

igin 1 the proximal “‘postcentral’” develops from 
listal ‘‘postcentral” from the distal centrale, 1.e. 


> central column and not in a column of their 
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own. The two “postcentral’” branches are further characterized by the support 
they give to the fourth and third toes respectively. It seems, then that STEINER’S 
method of combining the two “‘postcentrals” to form a radius beginning with 
fibulare (ulnare) and ending in the second toe does not conform to the true 
conditions. 

When applying his interpretation of the Urodelian conditions to other tetra- 
pods, STEINER came to the conclusion that they are directly applicable, viz. that 
there are at least two “‘radii” present: one from the intermedium to the first 
finger and one from the ulnare to the second finger. In crocodiles, turtles and 
birds, and also in mammals (1935) this arrangement is said to be characteristic. 
He is thus in opposition to my interpretation that the central complex in the 
hand is developed as a branched tree with the intermedium and a proximal 
centrale (C1) carrying three distal centralia (C24). In STEINER’s theory no 
account has been taken of the fact that the “postcentrals” are branches of the 
chief central column. Considering this fact, the theory would have been in 
closer conformity with the theory of HOLMGREN: the intermedium-central com- 
plex formed more or less like a branched tree. 

STEINER’s theory of the tetrapod limb thus presumes that from a basal band 
(“‘Hauptachse’’) issue a certain number of radii. These are: 1) the future radius 
with radiale and prepollex, 2) the intermedium with the two centralia radialia and 
the first finger, 3) the ulnare with the two ulnar centralia and the second finger, 
4) a radius from the fourth to the third carpale and 5) “fur den vierten und 
funften Fingerstrahl schon schwieriger ist zu entscheiden, ob sie ebenfalls 
noch Seitenzweige darstellen oder in der Fortsetzung der Hauptachse selbst 
liegen”’. 

HOLMGREN’S original theory (1933, 1939) reckoned with only two radii on 
the axis: 1) the radius-radiale-prepollex and 2) the intermedium-centrale, which 
is branched. The main axis (mesomeral axis: WESTOLL, Hauptachse: STEINER, 
Basalband : ScHMipt-EHRENBERG) is humerus — ulna — ulnare with pisiforme 
and the fifth finger at the tip of the main stem. Compare EMERY (1894—95). 

STEINER’S theory does not pay any attention to the fact that the stem por- 
tions (archepodium) and the digits (carpals + fingers, neopodium) arise inde- 
pendently, the digits secondarily joining the stem. This fact was already empha- 
sized in my paper of 1933 and must, in my opinion, be considered an essential 
fact to be taken into account in every extremity theory. Every theory that 
regards the digits as parts of the “stem” must be rejected. With that con- 


‘ 


clusion it follows that there are only two “‘radii” present in the tetrapod hand, 
viz. the radius-radiale-prepollex and the intermedium-centrale. From a com- 
parative anatomical point of view, however, a third radius is not excluded, 
but it has not hitherto been possible clearly to demonstrate with certainty its 
ontogenetical existence in the hand. This third radius should extend from 
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interpretation of the development of the tetrapod limb from a 
hat of Sauripterus. a) the sauripterus paddle, b) the same with 
s rays with broken outlines, c) the tetrapod limb. Metameral 


1 


or pisiforme. m11—m4 metameral axis, ci—ca centrals, 
le radiale. Pp prepolle Pm tminim 
radiale, Pp prepollex, Pm postminimus. 


the ulnare to the centrale 4 (‘‘ulnare’’) only. (See HOLMGREN 1949, pp. 506, 


In 1949 my theory was practically the same as in 1933. It was, however, 


emphasized that the ulnar portion of the archepodium ends with the pisiforme, 
ith the postminimus as “end radius’!. The 5th finger, as part of the neopo- 
dium, could not be considered an ‘“‘end radius” of the ulnar part of the arche- 


but had found its insertion into the “‘ulnare” (centrale 4) as the pisi- 


he theory was suggested by the relative independence of centrale 4 in rela- 
tion to the other centralia, it being related in some way to the ulnare. From the 


r border cartilage) is probably neopodial, the end 
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point of view of comparative anatomy, this suggestion was supported by the 
conditions in Sauripterus, where the so-called third “radius”, issuing from the 
homologue of the ulnare, carried two digits. As the end of the ‘“‘mesomeral” 
axis of Sauripterus dwindled, the 3rd radius became free as a centrale 4 to 
join with the intermedial part of the fin. The fourth digit followed it, but in 
lower tetrapods the 5th became inserted into the distal end of the ‘“‘ulnare”. 
In mammals both these digits joined the centrale 4. 


The theory (1949) was illustrated by the diagrams here reproduced (fig. 99). 
In my interpretation of 1949 it was suggested that originally the centrale 4 


‘ 


properly belonged as a branch to the ‘“‘mesomeral” stem, developed at the disto- 
radial corner of the ulnare. My new investigations have shown that this is 
actually the case in the foot of mammal embryos, where in early stages a 
“radius” is formed from the fibulare to the centrale 4 of my descriptions (see 
further on in this paper). But at the same time the centrale 4 is connected with 
the centrale 1. A careful reexamination of the conditions in early stages of 
hand shows that there may also be a similar connection between the ulnare and 
the centrale 4, though in the hand the connection with the centrale I seems 
to be more important. 

The decisive evidence against the theory of STEINER is, however, the fol- 
lowing. In the preceding pages it has been stated that in many mammal embryos 


‘ 


a real intermedium is present concurrently with the “intermedium” of STEINER’S 
and SCHMIDT-EHRENBERG’s interpretations. This “‘intermedium” must thus be 
a proximal centrale, i.e. the number of centralia must rise to five instead of four, 
and that would be one centrale too many. As the two “radial centralia’’ so 
essential to STEINER’S theory have never proved to be separate centres, the 
consequence (from the standpoint of STEINER’s theory) must be that they re- 
present a single centrale. As the prepollex of mammals has never been stated 
to arise from a rudimentary radiale fused to the radial corner of the radius, 
but has always been stated to arise together with the same rudiment as the 


‘ 


‘radial centralia”, it must follow that these ‘“‘centralia” do not together form 
a ‘“‘centrale” but a radiale. Consequently there are only two of the four cen- 
tralia of the theory left, viz. the two “ulnar centralia’’, these corresponding accor- 
ding to the theory to the postcentrals occasionally occuring in the feet of 
Hynobius. That cannot be correct. As the two “ulnar centralia’’ do not belong 
to any “third radius’, but are always more or less strongly dependent upon the 
“intermedium” (centrale 1, proximal centrale) they must be considered to be- 
long to the system of the true intermedium and the centrale 1. But if we accept 
this, we must ask for the third distal centrale which regularly occurs in the 
non-mammalian tetrapods (except Urodeles). As the true ulnare (ulnare pro- 
cess, processus styloideus ulnae) together with the pisiforme forms the end 
portion of the stem of the limb (‘“‘metameral” axis), the ‘“‘ulnare” (triquetrum) 
of earlier authors must be a centrale, which has replaced the real ulnare when 
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that element joined the ulna to become a process on its tip. By way of this 


reasoning, which is based only on ascertained facts, we arrive at my theory. 


THE PHYLOGENY OF THE TETRAPOD LIMB 


Non-urodelian limb 


A) 


Accepting the standpoint of STEINER (1935), according to which the original 


paired fin consisted of a metapterygial axis composed of a number of skeletal 


elements, with each of which at least one ‘‘radius’ was associated, the first 


question we have to answer is how many such metapterygial elements and how 


many ‘radii’ were present when such a fin began its development in a tetrapod 


direction. 
STEINER has answered this question by asserting that there were at least four 


such “radi”. This opinion received some support from ScHMIpT-EHRENBERG’S 


investigations into the mammalian carpus and tarsus. Neither of these authors 


distinguish between archepodial and neopodial parts of the limb. As the third 


and fourth “radius”, as characterized by ScHMIDT-EHRENBERG, are quite neo- 


podial, there do not remain more than two archepodial “radii”. These two are 


the radius and the intermedium with their dependents, as I have explained before 


in this paper. Nevertheless, as I have tried to show, a third ‘‘radius” is present, 


but not in the way that STEINER and ScHmiIpt-EHRENBERG have presumed to be 
radius” begins at the 


the case. Theoretically we must assume that this third 


ulnare of my description (ulnare process) and runs a short distance to the 


centrale 4 (“‘ulnare’’), which, however, is also or becomes connected with the 
intermedium-centrale “radius”. In the hand, where the ulnar parts are crowded 


together in a rather small space, this radius never seems to be well defined 


and therefore appears to be doubtful. In the foot, however, where the arch- 


epodial parts are lengthened, the third “radius” is fairly well defined, beginning 


proximally with the fibulare + postminimus (pisiforme) and ending with the 


centrale 4. 1 have (1933) published some photographs demonstrating the rela- 


tion between the fibulare + postminimus and the centrale 4 (Scumipt-EHREN- 


BERG’s “‘fibulare’) and in SCHMIDT-EHRENBERG’s paper the drawing Abb. 8 


(ffomo) and 14 (Microcebus) illustrate this third radius fairly well. 


SCHMIDT-EHRENBERG says (p. 79): “In gerader Fortsetzung der Fibula 


ifferenzieren sich gleichzeitig drei hintereinander liegende Elemente, in welchen 


‘ 


wir das etwas plantar und seitlich verschobene Pisiforme, das Fibulare und das 


Tarsale 4 vor uns haben, von denen spater die beiden ersteren den Calcaneus 


bilden. HOLMGREN bezeichnet diese drei Elemente mit Fibulare (+ Postmini- 


nus), Centrale 4 und Tarsale 4+ 5 (somit hier Verwechselung dés Pisiforme 


mit dem Fibulare...... )”’. In the hand the pisiforme is present, in the foot the 
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Fig. 100a—b. Diagram of the Fig. 101. a) pectoral fin 

mammalian hand. a) with cen- of Eusthenopterus, b) pel- 

trale 4 connected with ulnare. vic fin of the same. 
b) with intermedium. 


homodynamously developed element has always been named postminimus and 


not pisiforme. Compare p. 286 of my paper, where the calcaneus is characterized 
in the following way: “The fibulare forms that part of the calcaneus which 
articulates against the fibula, the postminimus (homodynamous to the pisiform 
in the hand) forms the calcaneus process and the centrale 4 the proximad 
extended part against which the tarsal 4 (+ 5) articulates.” There is no “ Ver- 
wechselung”’ at all. In the photographs, moreover, the rudiments of the fibulare 
and of the postminimus are clearly discernible. The fibula and the centrale 4 are 
already chondrified, whereas the fibulare and the postminimus are still pro- 
chondrial. The fibulare + postminimus in early stages of the foot behave in 
almost the same way as the ulnare + pisiforme in the hand, except, however, 
that in the latter the ulnare is generally not separated from the ulna. As in the 
hand so also in the foot there is a certain relationship between the intermedium 
and the centrale 4. 

A fourth “radius” is out of the question, as it would entirely belong to the 
neopodium ; the same applies to the third “radius” as defined by STEINER and 
SCHMIDT-E-HRENBERG. 

When trying to determine the number of metapterygial pieces, we are immed- 
iately faced with difficulties owing to the fact that fore- and hindlimbs are not 
built identically. In Eusthenopteron the pectoral fin has four metameres, but 
the pelvic only three. In Urodeles the anterior limb has never more than three, 
but the posterior limb has four (occasionally 5) segments. In the case of 
Eusthenopteron with four metameres there are three ‘“‘radii’’, in that with three 
metameres but two “radii”. In the hand as well as the foot of Urodeles there are 
but two “radii”. In the hand and foot of Mammals probably three “radii” are 
present. 

If we disregard the Urodeles, which apparently represent special conditions, 
the predecessors of the tetrapods must have had three “radii”, issuing from 
the metameral axis. These must have been a radius, an intermedium (-central) 
and a centrale 4 “radius” and the metameral pieces: humerus, ulna, ulnare and 
pisiforme (figs. 99, 100). Such a pectoral fin is actually present in Eustheno- 
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pteron (fig. 101). It is a remarkable fact that this fin is almost entirely! devoid 
of radials (digits). Attempts (GREGORY and RAVEN 1941 and WESTOLL 1943) 
have been made to take this fin as a starting-point for theories of the origin 
of the tetrapod limb, but these theories involve such considerable transformations 
of it that only the radiale and the prepollex (not present in Eusthenopteron) and 
the intermedium and two centralia (one single piece in Eusthenopteron) and 

carpal (not present in Eusthenopteron) were said to have developed from 


iginal Eusthenopteron fin, whereas the entire carpal arch and the ulnare 


ld be new acquisitions. This theory cannot be accepted. | must regard the 


thenopteron fin as representing a crossopterygian fin that cannot have any 
ring upon the origin of the tetrapod limb.? 

In the Sauripterus pectoral fin four pieces are likewise present in the me- 
tarheral axis (fig. 99). On the fourth of these, two end rays (digits) were 
present, as in Eusthenopteron. In addition, there are three “radii”, as in 
Eusthenopteron. But there is the important difference that the second “radius” 

branched dichotomously. The third ‘‘radius” also seems to have been provided 
with two branches, if these two are not simply radials (digits), cut off squarely 
at the tip to afford support for fin rays, which are actually found associated 

g. gga). A diagram of the Sauripterus fin is shown in fig. 102. 

uripterus pectoral fin Broom (1912) tried to derive the tetrapod 

that the radial ray carried the radiale and the intermedium 

the ulna had two branches, of which the ulnar should be the pisiform, 

he radial was the ulnare into the tip of which another piece was 

The five fingers were placed: three on the radial “‘radius’’ and two 

on on the tip of what should be the ulnar axis. All other parts of the fin were 


believed to disappear. This theory cannot ve accepted. On this basis no tetrapod 


attempt to derive the tetrapod limb from the fin of 

s into the embryology of the tetrapod (especially 

ime had led to the important fact that in the mammals 

id not reach further than to the pisiform (4th metameral 

there were probably two “radii” present, of which the second 

- then it has been clearly stated that in the hind limb a 3rd 

‘tually is present. Thus the tetrapod limb is principally composed in 

as the fin in Sauripterus. The only difference is that in Sauripterus 

- of radials (digits) which are not present in the tetrapod limb, 

radials on the radial “radius”, one on the centrale 2 and two on the 

Otherwise the Sauripterus organization covers the entire (em- 

tetrapod organization. This theory was already briefly published in my 
1933 (fig. 9ga-c). 


1 piece Eusthenopteron carries two small digits. 
HOLMGREN 1649 
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Fig. 102. Dia- Fig. 103. Pec- 
gram of the toral fin of 
Sauripterus Neocerato- 
pectural fin. dus-young. 


It must, however, be noted that the existence of the 3rd “radius’’ is somewhat 
uncertain concerning the hand, as the 4th centrale there seems to be more 
closely connected with the intermedium-centrale 1 rudiment than with the ulnare. 
In the foot, however, the reversed relation is obvious. If the centrale 4 is devel- 
oped as a primary branch of the intermedium-centrale 1 (as in the diagram 
fig. 100 b) there is no reason to consider that a 3rd ‘“‘radius” actually is present. 
In that case no comparison of the centrale 4 of the mammals and other tetrapods 
with the preaxial branch of the 3rd metamere in Sauripterus is possible without 
assuming a shifting of this branch to the 2nd “radius”. Such a shifting could 
be the result of the reduction of the apical portion of the metameral axis which 
must have taken place in the tetrapods. 

On the other hand, it must be borne in mind that the ulnar blastema of the 
young embryo, besides containing the rudiments of the ulnare (process) and the 
pisiforme proximally, has also a distal portion. It is in this portion that the cen- 
trale 4, when differentiating, is located. These three rudiments have sprung 
from a common rudiment and thus belong to one another. To the centrale 4 part 
of the ulnar blastema the intermedium-centrale rudiment, when differentiating, 
sends a tongue of denser mesenchyma, which attains the locus of the centrale 4. 


But closer observations make this point uncertain. The fact is that it has hitherto 


been impossible to decide whether the tongue represents the centrale 4 or only a 


connecting link with the centrale 4 developing in the ulnar blastema. In some 
mammals (Pedetes, Bathyergus and others) the connecting tongue belongs to 
the intermedium and chondrifies. In that case the centrale 4 develops in- 
dependently and becomes secondarily fused to this intermedium. From this 
observation it may be argued that the intermedium-centrale connection is se- 
condary. Under such circumstances it seems reasonable to conclude that a 3rd 
radius is present in the ulnar blastema, this “radius” consisting of the 4th 
centrale only. 
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B) Urodelian limb 


In the preceding pages the phylogeny of the urodelian limb has not been dealt 


with, because this question differs in many respects from that of the non- 
urodelian tetrapods. I have considered this question in a number of papers (1933, 
1939 and 1949, 1 and 2) and shall therefore confine myself to some remarks 
which I consider to be basic to the question. 

My starting-point is the pectoral fin of Neoceratodus. The first question 
that arises is: which parts of this fine are archepodial, which neopodial. That 
the axial parts are archepodial is obvious. But the rays? S—EMoN (1898) has 
described the rays as growing out from the articular discs between the segments 
of the long axis of the fin or from a sheath of prochondrium left on the surface 
of the segments. This description is not correct, as I have shown (1933) that the 


early rudiments of the rays arise peripherally and grow partly in a peripheral, 


partly in an axial direction and are thus digits. After this important statement 
we shall now turn our attention to the archepodium. 

The basal part of the archepodium of a very young Neoceratodus consists of 
a fairly broad mesenchymatic portion, in which two cartilaginous centres are 
seen. This broad portion is abruptly followed by a narrow part, tapering to- 
wards the tip of the fin. The two centres are the humerus and the ulna. But 
these pieces only occupy the central part of the mesenchyme. In a somewhat 
older embryo, less than three months old, the ulnar portion of the fin contains. 
two cartilages: the postaxial, the ulna proper and the preaxial, the radius. The 
latter is already segmented. It has arisen in the preaxial part of the mesenchyme 
mentioned above. In a specimen three months old the first neopodial rays have 
appeared. In a specimen somewhat more than three months old a blastema has 
arisen postaxially to the ulna. This is the rudiment of some neopodial rays. 
When these rays later grow in an axial direction, they meet a distinctly pro- 
truding part (postaxial basal) of the ulna (fig. 103). This part 1s seen in all 
adult fins and is mostly well delimited from the rest of the ulna by means of 
“the postaxial groove”. Meanwhile in the narrow part of the mesenchyme of 
the youngest larva have appeared an increasing number of cartilaginous seg- 
ments. 

Before attempting an interpretation of these conditions, it is of some 1m- 
portance to remember that the fin is originally innervated by three segmental 
nerves and that three myotomes are entering the young fin. These facts must 
signify that the basal part of the fin was a short one, composed of three seg- 


ments, and that its long axis is a secondary modification, as WESTOLL (1943) 


has suggested. Now the question is: which are these three metameral parts: 
They should correspond to the humerus, the ulna and the ulnare. The humerus, 
the radius and the ulna are evident, but where is the ulnare? STEINER (1935) 
has indirectly indicated the nearest segment of the long axis as the ulnare. 
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This interpretation entails the consequence that there is no homologue of an 
intermedium present in the Neoceratodus fin. STEINER has, however, indicated 
that the first preaxial radial is an intermedium. But as this radial, like the 
others is a neopodial structure, it can decidedly not represent an intermedium, 
which must be archepodial. Now, we must ask: is it probable that the lungfishes, 
which are fairly close related to the crossopterygians, have completely lost the 
intermedium, which is present in Eusthenopteron as well as in Sauripterus? 
STEINER apparently has not meant this. In the ancestors of the dipnoans there 
certainly was an intermedium present on the preaxial end of the ulna, on the post- 
axial side of which an ulnare was developed. And that is also the case in 
Neoceratodus. Accordingly the metameral axis of Neoceratodus was represented 
by the humerus, the ulna and the postaxial basal. From the humerus the Ist 
“radius” was developed, from the ulna the 2nd “radius” i.e. the ‘“mesomeral 
axis’ (archipterygial axis) and the ulnare (postaxial basal). This picture of an 
ancestral dipnoan fin covers the picture of the pelvic fin in Eusthenopteron 
(fig. ror b). 

To begin with, we shall now consider the urodelian hand, trying to deduce 
the primitive pattern of it. From its ontogenetical development we learn that 
its archepodial parts are the humerus, the ulna, the ulnare, the radius and the 
intermedium and their dependents (fig. 106). The metapterygial axis is the 
humerus, ulna and ulnare, the “radii” are the radial “radius” and the inter- 
medium ‘radius’. In the urodelian hand no traces of other constituents have 
ever been found at the ulnar side which may be interpreted as remnants of earlier 
existing parts: No pisiforme, no postminimus, no third “radius”. In addition, 
the hand is always fourfingered, without any remnants of a fifth finger. 

The feet of the urodelians (when not much reduced) are provided either 
with 4 or with 5 toes. But in the first case there is always preserved a remnant 
of the 5th toe. A postminimus (pisiforme) is in most cases present and also 
sometimes a small cartilage on its tip (Hynobius). The metapterygial axis in 
the hind limb thus contains the following pieces: the femur, the fibula, the 
fibulare, the postminimus with end piece. The “radii” are: 1) the tibial radius 
with the tibiale, the y bone (“‘carpale prehallucis”) and the prehallux and 2) the 


‘ 


intermedium “‘radius”. In spite of the fact that the metapterygial axis contains 
the normal number of pieces, no third “radius” is present. 

The pattern of the urodelian limbs can thus in principle be brought back to 
the same pattern as that of the dipnoan fin and that of the ventral fin of 
Eusthenopteron, i.e. to a reduced crossopterygian fin type. 

In the preceding lines I have omitted the differentiation of the 2nd “‘radius”’: 
the intermedium “‘radius”. In the hand of the Urodeles it always consists of 
one intermedium and one single centrale or two centralia', in columnar ar- 


1 In a breed of Ambystoma tigrinum \WIEDERSHEIM found some anomalies in the hand, 
but Baur never found any anomalies at all in a large number of wild animals. I am 
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Fig. 105. Foot Fig. 106 a—c. The three cases of postcentrals in the 
f early em- foot of Hynobius. Diagrams. 
of Hy- 


NODIUS 


rangement. On the tip of this column a carpal 1 +- 2 carries the two Ist fingers. 


If there is one centrale, it also carries the remaining two fingers (III and IV); 
if there are two centralia, the distal one of them carries the fingers I—III, the 
proximal only one (1V). The intermedium “radius” develops from the radial 
istal corner of the ulna as a cylindrical prochondrial piece, which later seg- 


ad 


ments. In such a stage with an unsegmented column the archepodium is very 


ly reminiscent of that of the pelvic fin in Eusthenopteron. But simultane- 


'( fig. 105) it recalls an early developmental stage of the fin of Neoceratodus 


the intermedium radius of the foot is built up and develops like 
that of the hand, but in the foot anomalies have been described. In my paper 
( HOLMGREN 1939) I have recorded most of the cases described in the literature 
and, in addition, some new ones. A rather frequent anomaly is the occurrence 
of a supernumery centrale on the ulnar side of the central column. 

The problem of the supernumerary centralia probably cannot be satisfactory 

‘d. Either these centralia signify individual variations or anomalies of no 
phylogenetical importance or else they are atavistic and thus of great phylo- 
genetical value. 

The only case in which the development of the supernumerary centralia has 
been well investigated is that of Hynobius (Salamandrella) Keyserlingi. In this 
species SCHMALHAUSEN found an unusually broad central column. The chon- 
drification of the two centralia of this column begins at the tibial side and pro- 
ceeds to the fibular. But before becoming fully chondrified it happens that the 

till prochondrial part of these centralia forms a centre of its own. Sometimes 
proximal, sometimes the distal of the two centralia develops such a “‘post- 
‘centrale. Less frequently both centralia produce such “‘postcentrals’’. The 
malies are due to the regeneration of damage to the hands 


observed that urodele larvae bite off he limbs of their 
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Fig. 107. a) hand of Eryops, b) foot 
of Trematops. Diagrams. 


disposition of these different cases are illustrated diagrammatically in the fig. 
106 a—c. 


In Megalobatrachus the supernumerary centralia behave in a similar way. In 


the hand no supernumerary centralia are known.’ In the feet normally only one 
large centrale is present. In some specimens a central column, consisting of two 
centralia, was found by HorrMan (1890) and by Baur (1888). Hyrri (1865) 
has illustrated one case where there is one strong centrale between which and 
the intermedium a smaller centrale is wedged in on the fibular side. This cen- 
trale is apparently a proximal postcentral (fig. 106¢). WIEDERSHEIM has 
illustrated one tarsus in which the intermedium and the proximal centrale are 
fused. In an indentation on the fibular side of the central part of this compound 
intermedium-centrale is placed a postcentral, probably a compound proximal 
and distal postcentral. A distal centrale is also present. In one single case, 
described by Emery (according to Baur), a broad proximal centrale and a 
narrower distal centrale are present, and on the fibular side of the latter there 
is a small distal postcentral (fig. 106b). In an embryonic foot of Megalo- 
batrachus STEINER found rudiments of four centralia arranged in two columns 
side by side. The supernumerary centralia are the proximal and the distal post- 
centrals (fig. 106a). | have had the opportunity of studying 6 pairs of posterior 
limbs of larvae of Wegalobatrachus (HOLMGREN 1939). The result of this in- 
vestigation was that the supernumerary centralia have no independent rudiments 
of their own, but that they appear in connection with the fibular growth of the 
centralia, causing the broadening of the tarsus. ‘“I-ven if those ‘postcentrals’ 
serve the purpose of broadening the tarsus, it is not a priori excluded that they 
may have a phylogenetical value besides.” (HOLMGREN 1949. ) 

As far as my knowledge of the litterature is concerned, there is, besides the 
few cases in Hynobius, but two single specimens of Megalobatrachus (Hyrtv’s 
specimen), in which the tarsus exhibits conditions regarding the centrals un- 
doubtedly reminiscent of those in the only sufficiently preserved tarsus of a 
Stegocephalian, that of Trematops Milleri (fig. 107 b). Under such circum- 
stances the following utterance of KALIN (1938) seems to be somewhat rash: 


1 In Ambystoma some anormal carpi are known, but they belong to an apparently 
abnormal breed studied by W1TEDERSHEIM. (Compare note on p. 105.) 
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“Die grosse Schwierigkeit der HoLMGRENschen Theori erblickt mit Recht STe!- 
NER (1935) in der Tatsache, dass sie zur Annahme einer diphyletischen Ent- 
stehung der Tetrapoden fuhrt (einerseits die Urodelen, anderseits die Anuren, 
Stegocephalen und Gymnophionen), vahrend doch zwischen den Extremitaten 
der Stegocephalen und der altesten Urodelen (Salamandrella, Megalobatrachus, 


Amblystoma) eine bis ins einzelne gehende Ubereinstimmung vorliegt.”” (STE1- 


NER 1921, 1922.) 

In the foot (and hand) of Stegocephalians the distal centrale carries the Ist, 
2nd and 3rd digits and the proximal postcentral the 4th (fig. 107a,b). In the 
Urodeles this condition is present in one single case in .Wegalobatrachus (HyrtL) 
and in an unknown, certainly not large number of cases in Hynobius Kayser- 
lingii (SCHMALHAUSEN). In another case of abnormal foot in Urodeles the 
supernumerary centrale is the distal postcentral (.Wegalobatrachus, EMEry), 
which carries the third toe. In the cases with postcentrals in Amblystoma (W1r- 
DERSHEIM, STEINER) and in Ranodon (SCHMALHAUSEN) the nature of the post- 
centrals can not be determined. In Amb/ystoma but one central is present, and 
therefore it is not possible to say which kind of postcentral is associated with 
it and in Kanodon the postcentral and the distal central lie closely together and 
are of the same size. The postcentral may be the distal postcentral in spite of 
its supporting the 4th toe (EMERY). These arguments seem to argue more for 
a difference between the Stegocephalian foot and the abnormal urodelian foot, 
than for an agreement. 

On the evidence afforded by the 7ynobius cases with two postcentrals and 
the embryonic foot of Megalobatrachus likewise with two postcentrals', STEINER 
based his theory of the pattern of the ancestral tetrapod limb. According to this 
theory there was a third “radius” running from the ulnare to the 2nd finger, 
this “‘radius” containing the two postcentrals. The fact that the proximal post- 
central develops from the proximal centrale as a short branch of it and the distal 
from the distal central, makes the theory of the 3rd “radius” untenable. The only 
consequence of the existing relations of the centralia must be that the system 
of centralia forms a branched tree, not two parallel “‘radii’’. 

But if they form a branched tree, their relations are closely reminiscent of 
the aspect of the centralia in anurans, reptiles and mammals. If on this basis 
we compare the urodelian limb with that of a mammal, the proximal centrale 
of the urodele should correspond with the centrale 1 of the mammal, the distal 
centrale with the centrale 2, the distal postcentral with the centrale 3 and the 
proximal postcentral with the centrale 4. This comparison does not, however, take 
into account the evidence that the centrale 4 in the feet of mammals may belong 
to a “‘radius” of its own, issuing from the fibulare, and that its connection with 

1 In the case of Amblystoma, described by STEINER (1921), there were but one centrale 


and one postcentral present, as in two or three of the cases of abnormal feet described by 
W IEDERSHEIM. 
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the intermedium-centrale “radius” may be secondary. As I have already pointed 
out (HOLMGREN 1949) “there is a certain relation between the ulnare or fibulare 
with the fourth centrale. In some cases these pieces are very closely related to 
one another. In Pelobates the ulnare and the centrale 4 in certain sections can 
scarcely be separated and the same is true concerning Rana and Xenopus (also 
in the foot), Chrysemys, Agama, birds and many mammals (in the hand as well 
as in the foot). These observations induce me at present to regard the centrale 4 
as being originally a dependent (r,) of the otherwise reduced ‘‘mesomeral axis”’. 
Jf that is true, the conclusion must be that the proximal postcentral of the 
abnormal Hynobius foot is not homologous with the centrale 4 in anurans, 
sauropsides and mammals. /n Urodeles but one “radius” furnishes the central 
system, in the others two—a fact that seems to me to be an essential difference. 

To which of these two types do the Stegocephalians belong? STEINER has 
apparently answered this question to the effect that they belong to the same 
type as the Urodeles. I consider it more reasonable to regard them as belonging 
to the second. My reasons for this interpretation are: 

1) In Crossopterygians, in which the fin skeleton is known, there are two 
“radi” present in addition to the radial “‘radius”’. 

2) The Stegocephalians are undoubtedly descendants of Crossopterygians. 

3) Anurans, reptiles, birds and mammals are certainly descendants of Stego- 
cephalians. These first named certainly belong to those tetrapods with two 
“radii” in addition to the radial ‘‘radius”. 

The most rational conclusion to be drawn from these statements must be that 
the stegocephalian limb is also derived from a type with two “‘radii’’ besides 
the radial “radius”. Where, then, is the centrale 4 in the Stegocephalians? As a 
full analysis of the stegocephalian limb is impossible, since no embryonic stages 
are available, there are different possibilities: a) The two distal centralia belong 
to the intermedial “radius” as centralia 2 and 3 and the 4th is fused to some 
other piece of the carpus or tarsus. In Anurans a fusion is common between the 
centrale 4 and the carpal 4 (HOLMGREN 1933). I therefore supposed in 1933 
that the centrale 4 was fused with the carpal 4 in the Stegocephalians. b) The 
small ulnar central of the Stegocephalians is the centrale 4, and the distal cen- 
tral consists of two distal centralia (centralia 2 and 3) fused on to one another. 
This condition is common in reptiles and mammals, where, however, it is prob- 
ably a secondary condition. c) The distal centrale is not yet divided into two. 
The implication of this, however, would be that the conditions in higher tetra- 
pods, including the anurans, could only be derived from reduced crossopterygian 
conditions. d) The distal centralia in the Stegocephalians are the centralia 2 
and 3 of the higher tetrapods, and the centrale 4 is missing. That would imply 
that the ulnare ‘“‘radius” of the Crossopterygians must have disappeared in the 
Stegocephalians to reappear in anurans and higher tetrapods, which seems 
improbable. 
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From these possibilities it is evident how vain it is to try to get at a definite 
interpretation of the stegocephalian limb. It is also possible that the known 
limbs of Stegocephalians are not representative of such stegocephalian condi- 
tions, from which those of the higher tetrapods could be derived. To a non- 
palaeontologist the different reconstructions of the stegocephalian limbs do not 
seem to agree well with one another. For instance, the hand of Eryops some- 
times has four fingers, sometimes five. Sometimes there are small bones in- 
serted into the ulnar border of the hand, sometimes they are lacking altogether, 
and so forth. Nor are the reconstructions of the Trematops foot adequate 
( SCHAEFFER 1941). 

The only one of the stegocephalian possibilities into which the urodelian 
pattern could fit is the last mentioned. In the Urodeles no centrale 4 1s present 
as in this stegocephalian case. But in the Stegocephalians no analysis of the limb 
is possible, whereas the urodelian limb has been analysed ontogenetically to 
the effect that there is no trace of any centrale 4 in it. An assumption that there 
has once been such a centrale is thus not allowable. 

It cannot be denied that there is a certain close general agreement between the 


hand of Eryops and the foot of Trematops on the one side and a few not nor- 


nal feet of Hynobius and Megalobatrachus on the other. But the preceding 
discussion tends to show that this agreement may be but superficial, and that 
the two types have originated more or less independently, though they have 
nevertheless arrived at a similar result. The stegocephalian limb has according 
to my opinion originated from a predecessor’s limb provided with two central 
‘adi’, the urodelian from others with but one such “‘radius”. 
The only living fish group with which the Urodeles can be compared re- 


rding the limbs is the Dipnoi. In 1933 I described some stages of the devel- 


ga 
opment of the pectoral fin in Neoceratodus. This investigation resulted in an 
interpretation of the second piece of the axial skeleton as composed of a preaxial 
radius (earlier wellknown) and a postaxial ulnare, both of which form ex- 
pansions of the second piece (ulna) of the adult fin. The explanation of the 
dipnopterygial axis as an intermedium-centrale column was published in 1939. 
This conclusion involves that the ‘“‘archipterygium” of the Dipnoi and the ‘“‘archi- 
pterygium” of the selachians are different fin types, the axis of the latter 
the “‘selachopterygium”) being the metapterygial axis, that of the former the 

intermedium-centrale axis. I arrived at this conclusion when (1933) comparing 
the basal (archepodial) parts of the Neoceratodus fin with those of an embryo 
| Hynobius (Salamandrella) (figs. 103, 105) Kaiserlingii figured by SCHMAL- 

HAUSEN (1910). In both cases the ulna has a postaxial outgrowth, which in 
Hynobius is the rudiment of the future ulnare. The difference is only that this 
outgrowth separates from the ulna in Hynobius, whilst it remains in continuity 
Veoceratodus, well separated, however, from the ulna by a sometimes 


deep grove. In both cases the ulna has a disto-radial continuation, which in the 
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Fig. 108. Pectoral fin of Laugia. 


Urodeles is the intermedium-centrale column and in Dipnoi the dipnopterygial 


axis. The metapterygial (selachopterygial) axis in the Dipnoi thus consists of 
the humerus, the ulna and the ulnar outgrowth (postaxial basal, HOLMGREN 
1933), representing the ulnare. According to these reasoning and statements 
the urodele limb may be of dipnoan type rather than of crossopterygian. This 
conclusion is strongly sustained by the agreement in general and also detailed 
organization between the dipneumonian group of Dipnoi and the perenni- 
branchiate Urodeles, which many authors have demonstrated and I have treated 
in a special paper (HOLMGREN 1949). 

The only fossil fish with which Neoceratodus can be compared regarding the 
fin structure is the triassic Coelacanthid Laugia groenlandica, described by 
STENSIO (1932) (fig. 108). Three tolerably well preserved specimens have been 
described. Nevertheless there are gaps in the descriptions and the interpretation 
of that fin is incomplete. So much is, however, certain that it belongs to the 
“archipterygial” type or perhaps more correctly to the dipnopterygial type, with 
an dipnopterygial axis consisting of two or three pieces and ending with two 
short digits. This axis is carried by a basal part consisting proximally of a rather 
long cylindrical portion, which has been interpreted as a horizontal part belonging 
to the primary shoulder girdle. Distally this part carries a preaxial and a postaxial 
more or less triangular process. Distally to this part follows a fairly long por- 
tion, which perhaps was separated from the basal part (STENSIO 1932). When 
comparing the picture of the reconstructed fin with the photographical figures, 
it seems possible that the long basal part consists of two portions, one belonging 
to the shoulder girdle and another (STENsIO 1932. Pl. VI fig. 2 and Pl. VIII) 
ending where the wide portion begins. If so is the case, the basal portion of 
the fin is a humerus, followed by the ulna with its two expansions (Pl. VI. fig. 
2). This ulna with its expansions reminds so much of the conditions in Neo- 
ceratodus that | do not doubt at their homology. Thus the Laugia fin may be 
explained as a dipnopterygium of Neoceratodus type, but with a short dipno- 
pterygial axis, consisting of only two or three pieces in columnar arrange- 
ment. Is this conclusion correct, the Laugia fin may be important as representing 
a type, from which the dipnoan fin can have arisen through hypermerization 
(GREGORY) of the main axis (compare HOLMGREN 1933). On the other side the 
arrangement of the axis of the Lauwgia fin reminds very much of the arrange- 
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ment of the intermedium-centrale column of the Hynobius limb: a short 2 or 
3-jointed intermedium-centrale column at the tip of which two digits are inser- 
ted. The coelacanthids undoubtedly are related to the crossopterygians and thus 
the dipnoan ancesters of the Urodeles ultimately may be descendents from some 


crossopterygian group. 


SHORT SUMMARY 


1) This investigation is based upon a large embryological material of hands, 
belonging to 47 different mammalian species. More than 200 serial sections 
have been examined. 

2) The investigation has resulted in a partly new conception of the carpus 
of the mammals. The most important of the new results are: a) the presence 
of a true intermedium besides the “‘intermedium” of previous investigators, 
which represents the proximal centrale or centrale 1 of my terminology. b) The 
ulnar head or processus styloideus ulnae is the true ulnare, which carries the 
pisiforme on its lower side, c) the ulnare of previous investigators 1s the cen- 
trale 4 of my terminology, d) the true radiale is the centrale radiale proximale 
and distale of STEINER’s interpretation, e) my centralia 2 and 3 are respectively 
the centrale ulnare distale and proximale of STEINER. 

3) The “prepollex” of earlier investigators is not a morphological unit but 
contains two different structures: the mammalian prepollex and the radial bor- 
der cartilage. The prepollex is invariably located on the radiale. The radial border 
cartilage belongs to the Ist carpal or Ist metacarpal (in rodents). It generally 
forms the support of the radial carpal ball, when present. The mammalian 
prepollex is archepodial and corresponds to the piece y in Urodeles and the 
piece m1 (SCHMALHAUSEN) in Anurans, which are also archepodial. The anuran 
prepollex is probably neopodial and may correspond to the radial border carti- 
lage in mammals, which is also neopodial. 

4) An ulnar border cartilage is frequently present in the ulnar carpai ball. 
The “accessory” ulnar cartilage in Erinaceus represents the ulnar border carti- 
lage. It is probably neopodial. The radial and ulnar border cartilages, which 
connect up with the prepollex and the pisiforme respectively, are neopodial and 
may possibly be transformed digits. 

5) The problems of the radiale, ulnare and intermedium in mammals are 
discussed. The radiale is the same as the scaphoid of earlier authors and no 
compound element (STEINER, SCHMIDT-EHRENBERG). The mammalian ulnare 1s 
fused on to the ulna forming its articular process: processus styloideus ulnae. 
The ulnare (triquetrum of previous workers) is the centrale 4 and not homo- 


logous with the ulnare of non-mammals. A true intermedium belongs to the 


carpal organization in mammals. It exists sometimes besides the ‘‘intermedium” 


of earlier investigators, which is the “proximal central” or centrale 1 of my 
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description. The true intermedium is either fused on to centrale 1 or to cen- 
trale 4. 

6) The problem of the centralia is considered. The centralia belong to two 
‘radii’, the second and the third. The second radius consists of the true inter- 
medium and the centrale 1, of which the latter carries the distal centralia 2 and 
3. The third radius, in the foot running from the fibulare to the centrale 4, 
consists of the centrale 4 only. In the hand the existence of a connection be- 
tween the centrale 4 and the ulnare is probable, but could not be definitely 
stated. The theory of STEINER is discussed and rejected. According to that 
theory, the centralia of the mammalian carpus are formed into two parallel 


‘ 


“radii”, the one beginning at the distal radial corner of the ulna and ending 
with the first finger, and the other beginning at the “‘ulnare’”’ (centrale 4) and 
ending with the second finger. 

7) The problem of the phylogeny of the tetrapod limb is discussed. Additional 
and partly new points of view are considered regarding my theory (HOLMGREN 
1933, 1939, 1949) of the diphyletic origin of the tetrapod limb. The cases of 
abnormal urodelian feet are considered in regard to their bearing upon the 
morphology of the stegocephalian limb. 


EXPLANATION OF LETTERINGS 


(1-4 centralia I to 4 pp prepollex 

c.ar. carpal arch R radius 

c.bl. central blastema r radiale 

cil proximal palmar lamella of C1 r.b.c. radial border cartilage 
F fibula r.bl. radial blastema 

f fibulare R.per. perichondrium of the radius head 
Fe femur T Tibia 

t intermedium t tibiale 

lig ligament t.b.c. tibial border cartilage 
mci metacarpale I U ulna 

p.c.d. postcentrale distale u ulnare 

pe.p. a proximale u.b.c. ulnar border cartilage 
pts pisiforme I—V digits 

p.l. palmar lamellas I—5 distal carpals 

Pm postminimus 
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1, INTRODUCTION AND LITERATURE 


The folding processes in the cerebral tube! have been much discussed ever since 
von Baer for the first time described such formations in the medulla oblongata 
of chickens in the beginning of the nineteenth century. 

At first these serial formations, the neuromeres? were looked upon as a form 
of metamery with a phylogenetic importance similar i.a. to that of the somites, 
the spinal nerves and the vertebrae. (Mc. CLuRE, 1889, 1890, KOLTZzoFF, 
1901, JOHNSTON, 1909, and many others). On the other hand the phylogenetic 


1 In this publication the term cerebral tube is used to denote the rostral part of the 
neural tube, from which the brain originates. 

2 The so-called “secondary segmentation” of the cerebral tube according to Locy (1894), 
was called neuromery by Orr (1887) and encephalomery by Mc Criure (1890) and others in 
contrast to myelomery which refers to the spinal cord. BERANECK (1887) introduced the name 
of “replis médullaires” for the rhombencephalic neuromeres. VON KUPFFER (1885, 1906) 
used the terms “Medullarfalten” and “Hirnfalten” respectively. MEEK (1907, 1909) introdu- 
ced the names: “prosomeres, mesomeres and rhombomeres”. BRACHET (1921) used the term 
“segments neuromériques ou neuromeéres encéphaliques” and HyMaAn (1947) “regularly 
repeated expansions” etc. 


Acta Zoologica 1952. Bd. XX XIII. 
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importance of the neuromery was distinctly denied by the morphologists, von 
MinAckovics (1877), AnLBoRN (1884), FRroriEP (1892), (1918), 
STREETER (1933), and others. 

Later on the problem of the linear segmentation (“‘serial homology” or 
“rhythmical repetition”) has been much discussed from the point of view of 
experimental embryology. The opinion has been asserted that the formation of 
the segments is a purely mechanistic problem, comparable 1.a. with the forma- 
tion of nodes and internodes in an interval. (BATESON, 1913.) 

Of great importance in this connection are the investigations which show that 
the roof of the archenteron is important for the induction of the neural tube. At 
least three differently induced regions are distinguished: an archencephalic or 
prechordal one, a deuteroencephalic one and a spinal one. The first is induced 
by a “‘Vorderkopfinduktor” and the second by a “Hinterkopfinduktor” (TOn- 
DURY, 1938, LEHMANN, 1938, TOIVONEN, 1940, and others). ORTMANN (1943) 
called the two first-mentioned regions the protogenetic and the deuterogenetic 
region respectively. 

In connexion with the speculations on the phylogenetic significance of the 
“segmentation” 


neuromeres, the relations between the cranial nerves and the 
of the brain has occupied the interest of many investigators. Some even imply 
that from each neuromere there emanates a pair of brain nerves—from the 
rostral end of the cerebral tube to the beginning of the primordial spinal cord 
(Orr, 1887, Horrman, 1889, PLatr, 1889, MEEK, 1907, 1909, 1910 and 
JouNston, 1910). At least in the rostral part of the brain, however, it has never 
been shown that a neuromere is related to any nerve. Cf. VON KUPFFER (1906). 

At the end of the last century an investigation, carried out on Squalus 
acanthias by Locy (1894) attracted great interest. This author described 1.a. 
folding processes in the border of the neural plate and the neural fold. He talked 
about “‘primary segmentation”. This “primary segmentation” was later on in the 
ontogeny replaced by a “secondary segmentation”. Phylogenetic speculations 
were also attached to the “primary segmentation’. Subsequent investigators 
have usually not found such a “‘primary segmentation” and in the present 
scientific discussion it is never mentioned. 

Determined protests, however, have also been made against neuromery from 
a general morphological point of view. Some investigators contend that no 
neuromeres can be found in the rostral part of the cerebral tube and others that 
the folding of the cerebral tube is very irregular and is caused 1.a. by the brain 
flexures, in the rostral part of the brain and by the bulging of the somites into 
the external wall of the cerebral tube. They, therefore, look upon the “brain 
segments” as being of no or slight morphological importance. As representatives 
for this opinion may be named Foster & BALFrour (1876), VoN MIHALKOvVICs 
(1877), Froriep (1892), STREETER (1933). DE LANGE (1936) even wrote that 
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the neuromerism and scleromerism are pseudometamerism on dorsal meta- 
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merism” and that neuromery “‘in the strict sense of the word probably does not 
exist”. 

Against these opinions many early investigations may be brought forward. 
They were referred to i.a. by VON KUPFFER (1906). Among these investigations 
the present author wishes to lay stress on H1ILu’s work on Salmo and Gallus 
(1899). He studied living animals in order to eliminate artefacts and found that 
the cerebral tube can be divided into eleven “‘segments’’. This was confirmed in 
a later study (1900) on a Salmo fario stage, 20 days old (31 somites), (fig. 30). 
According to the ‘ 


“segments” are constant and serially homologous. 

Among later investigators, BARTELMEZ & Evans (1926) emphasized that the 
neuromeres are neither artefacts, nor the results of “mechanical stresses”. They 
also found regular bulges in the neural fold stages. 

With reference to the problem of the connexion between somites and 
neuromeres, i.a. FRORIEP (1892) believed that “die Gliederung des Wirbeltier- 
korpers ist ursprunglich an das mittlere Keimblatt gebunden’’.4 On the contrary 
von Kuprrer (1906) and later CHILD (1921, 1941), showed that the seg- 
mentation starts in the ectoderm and not in the mesoderm and that “the pro- 
cesses in this the most active and most advanced body layer affect conditions in 
other layers”. DETWILER (1936) and others agreed with this. MEEK (1909) 
pointed out that neuromery is even most distinct in the regions that have not 
been in connexion with somites. The segmentation of the neural crest, however, 
seems to correspond to neuromery. Cf. also HOLMDAHL (1928). 

The rostralmest part of the cerebral tube in early stages was called the archen- 
cephalon by von KuPFFER (1906). It is situated rostral to the plica encephali ven- 
tralis. Caudal to this fold he distinguished the deuteroencephalon. From this two- 
vesicle stage the well-known three-vesicle stage is formed by the development of 


a third vesicle, the mesencephalon, between the two primary ones. The mes- 


encephalon is formed when the optic evagination differentiates into an optic 
stalk and an optic vesicle. It develops in part from the deuteroencephalic region. 
These three brain vesicles are subsequently divided into five according to the 
current opinion. For a long time there has been considerable discussion as to 
how many “brain segments” enter the different definitive five vesicles. On this 
question the reader is referred to the following papers: BRADLEY (1904), VON 
KUPFFER (1906), SCHULTE & TILNEY (1915), KINGsBURY (1922), RENDAHL 
(1924), Nitsson (1926), Ho_tmpant (1928) and HALLER von HALLERSTEIN 
(1934). 

STREETER (1933) and others opposed this theory. He wrote: “The subdivision 
of the embryonic brain into three primary brain vesicles is an arbitrary expedient 

2 On Hitv’s fig 8a 12th “segment” can also be seen (fig. 30). 

4 By way of comparison it may be mentioned that the lateral walls can be impressed i.a. 


in the region of the neur I by the nasal placodes. It represents an externo-lateral groove 
in the cerebral tube (see fig. 23 and others). 
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rather than a natural phenomenon”. BERGQuUIST (1932), KALLEN (1950—5I 
a—b) and Bercguist & KALLEN (1952 a and b) have pointed out that the 
neuromeres and the “migration areas” (Grundgebiete) are very important mor- 
phogenetic components in the cerebral tube. The brain “‘vesicles” are, instead 


secondary formations without greater morphological importance. 


The investigation, reported in this paper, has been carried out in order to 
try to make clear which appreciation of neuromery in the cerebral tube is correct. 
Chiefly the following problems are investigated : 

a) the embryonal development of the neuromeres, especially in the rostral 
part of the cerebral tube in different vertebrates 

b) the comparative anatomy of the neuromeres in the vertebrate series 


c) the morphogenetic importance of the neuromeres. 


Il. MATERIAL AND METHODS 


The embryological material used is tabulated in tables I—VI. Here the re- 
constructions made are mentioned and the institution from which the material 
was borrowed. Some series have only been studied by microscopic examination. 

The series were stained with haematoxylin—eosin, azan and in some cases with 
other nuclear stains. The section plane, has, when possible, been determined 
with the methods described by FELL (1936) and Hjortsj6 (1944). The external 
contour of the cerebral tube has been controlled in the usual manner with the 
aid of a photograph of the fixed embryo, or after the reproductions, published 
by KRABBE (1939—1947) and others. 

Usually the right side of the cerebral tube has been reconstructed. In order 

implify the description of the figures, some pictures have been made as 
mirror-images so they are all turned in the same direction. Such figures are 
marked with the letters M.I. in the explanation of the figure. 

Small variations between the left and right sides are present, but for this 
investigation they seem to be of no fundamental importance. The wax-plate 
reconstructions have generally been made from both sides of the cerebral tube. 
Only one half of the model has been closely studied, however. This half has 
been photographed in its original state. The shadows of the wax-plates, how- 
ever, give a rather agglomerated picture and the topographical contour cannot 


be exactly reproduced, if the model is not photographed from different direc- 


tions. Therefore, the half of the model has been cautiously smoothed and then 


photographed again. The copies have been retouched in order to obtain as care- 
ful a reproduction as possible. The other half of the model has been left un- 
touched as a control. 


rhe ventricular wall is filled up with a blastem, consisting of many rows of 
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undifferentiated cells. In this matrix layer (= stratum matricis, ventricular 
gray etc.; see also BERGQUIST, 1932, p. 67 and the following) mitotic cells are 
situated in not too early stages (‘‘Keimzellen” according to His, 1888, or 
“proliferating cells” according to BERGQuIST, 1932, and KALLEN, 1951 b and 


1952 a). Fibre structures can be seen in later stages in the peripheral part of the 
wall, forming the anlage of the stratum zonale (marginal layer). During the 
subsequent differentiation of the cell material, the ventricular wall shows a 
stratum ependymale (ependymal layer) at the ventricular cavity and ‘“‘migration 
areas” (KALLEN, 1951 b) or ““Grundgebiete” (BERGQUIST, 1932) external to 
its, At the same time the mitotic cells become numerous ventricularly. In this 
stage of the ontogenesis and still more later on when the nuclei are developing, 
neuromery grows indistinct. 


Ill. DESCRIPTION OF STAGES 
a) Fishes 


Petromyzon fluviatilis 4 mm stage (fig. 1). 


In this early stage neuromery is especially faint. In the rostralmost part of 
the cerebral tube a dome-shaped first neuromere (neur 1) has been marked. 
Caudally it is delimited by a fold, which runs all around the cerebral tube. This 
fold has been called the fissura interneuromerica I (fiss 1). In its dorsal part 
the fissure is well marked and forms in this way a sign of a velum transversum. 
Ventricularly the fissure appears as a low ridge (= protuberantia I or the 
di-telencephalic ridge) 

‘rom the ventricular cavity a small bulging out can be seen in this neuromere. 
It could be called the sinuatio neuromerica I (sin I). 

In the following only the abbreviations neur, fiss and sin will be used, followed 
by a Roman figure, giving the number of the neuromere, fissure and sinuatio 
respectively. The numbering starts in the rostral end of the cerebral tube. 

Neur IT is not visible dorsally but forms in lateral view a triangular part of 
the cerebral tube with the basis directed ventralwards. The neuromere contains 
chiefly a region which is laterally delimited by the conus opticus, i.e., the region 
where the optic stalk leaves the cerebral tube. This conus is caudally limited by 
a fiss II and rostrally by the ventral part of the fiss I. A small sin II is visible 
on the ventricular surface, closely related to the cavity of the optic stalk (ductul. 
opt.). 

5 See also HALLER VON HALLERSTEIN (1934), RUDEBECK (1045), HoLMGREN (1946) and 
HErerR (1948). 

6 This is also the case in other stages and in other species (see fig. 9 b and Io b), but it 


will not always be mentioned in this text. It will, however, be visible from the ventricular 
surfaces reproduced. 
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fluviatilis 4 mm. Wax-pl-rec.e.l. (360 X). Left side. Model by B. Kallen. 


The neur III is characterized by an extended ventral part, representing an 
lage of the hypothalamus, and dorsal evagination, representing the anlage of 
the epiphyseal region. Rostro-dorsally the neur III borders on the neur I. Fiss 
I is visible mainly ventrally, where it enters the plica encephali ventralis. 
sin III is, on the contrary, well developed and can be followed along the whole 


ventricular wall down to the hypothalamic region (KALLEN, 1951 a, 


- neur IV” is hardly visible except as a shallow sin IV dorsally in the ventri- 


cular cavity. On the contrary the fiss V limits the neur I distinctly in the dorsal 


and forms there an isthmus fold. 


- other neuromeres in this stage have not been studied. 


myzon fluviatilis 5 mim stage. 


In this stage the neuromeres are only sometimes marked on the external sur- 
- by fissures. In the ventral part of the cerebral tube only remnants of the 
Il and III are to be found. The last-mentioned comes from the plica 


li ventralis. The dorsal part of the cerebral tube is characterized by the 
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Fig. 2. Petromyzon fluviatilis 7.5 mm.7 Wax.plrec.el. (150 X). Right side. The median 
section surface is black. Applies to all figures below. 


deep velum transversum-fold, i.e., the dorsal part of the fiss I. The sin I is 
very faint on the ventricular surface. Sin II is reduced to the region immediately 
dorsal to the optic chiasma. The sin III comes in its dorsal end from the velum 
transversum region and runs as in the preceding stage ventro-caudally towards 
the tuberculum posterior. The sin 1V is developed chiefly dorsally, but is in- 
dicated also in the middle of the tube. KALLEN (1951 a) has pictured his re- 
construction of this stage from the ventricular surface, and, therefore, the pre- 
sent author mainly refers to his figure 1 B, page 7. 

On the external surface of the neur I, a small fold can be observed in this 
stage. It may possibly mark a rudiment of a neuromere. As this formation is 
present both in the next stage and in other species, the present author has called 
it the neuromerodes Oo (neurod 0), and its caudal limit the fiss o. 


Petromyzon fluviatilis 7.5 mm stage (fig. 27). 


A neurod Oo is indicated also in this stage and is on the external surface 
caudally limited by a fiss 0. 

The neur J is well delimited from the next neuromere on the external surface 
of the cerebral tube by a fiss I, which runs all around the tube. As in the pre- 
ceding stages this fissure forms a velum transversum in its dorsal end. This 
fold is rather small and lies immediately rostral to the large habenular com- 
plex. Sin I forms dorsally the anlage of the hemispheric evagination (KALLEN, 
1951 a, fig. 2). 

7 In some other figures in this paper, the lateral and the medial views of the wax- 


plate models have not exactly the same contours, depending on somewhat different pro- 
jection, 
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Below the habenular complex lies a sin II] in the neur J]. The latter is now 


also developed dorsally and has the rounded, disc-like appearance, typical for 


the neuromeres (except neur I ev. neurod 0) in all vertebrates. Fiss I] is seen 
caudal to the optic stalk. 

As in the preceding stages a sin III is visible in the neur J//. It is very deep 
and runs from rostro-dorsally to ventro-caudally. From the plica encephali 
ventralis a fovea hypothalamica® continues a short distance dorsalwards on the 
surface of the brain wall and separates the hypothalamic region and the region 
dorsal to it. Most dorsally a small fiss III is seen. 

The neur JI” is compressed between the surrounding neuromeres. The fiss 1V 
is visible only dorsally and ventrally, and the sin 1V only dorsally. 

The neur I” is, on the contrary, rather well developed and is caudally marked 
by a fiss V, which is distinct except ventrally. Dorsally it forms the isthmus fold. 
The sin V runs dorsally down to the floor. Its dorsal part forms a tectum 
opticum bulge. 

The neur JJ is visible in this stage in the front part of deuteroencephalon 
(rhombencephalon ).% Caudally it is limited by a fiss VI, which can be followed all 
around the cerebral tube. Also the sin VI is developed, even if only in its dorsal 
part. 

The rest of the neuromeres including the neur XII are not well differentiated. 
The neuromeres correspond to the transversal bands (BerRGguist & KALLEN, 
1952a). In this stage a stratum zonale is visible in the lateral part of the ven- 
tricular wall, and the migration areas can be well seen (KALLEN, 1951 a) and 


Bercouist & KALLEN, 1952a and b). 


ym fluviatilis 9.2 mm stage. 


The neuromeres grow indistinct already in this stage. A distinct sin III is 
still seen, however. Proliferation and migration processes are more advanced in 


this stage (KALLEN, 1951 a, fig. 3). 


In a Scylliorhinus canicula 2.5 mm stage the neural folds are not yet fused. 
In the 6 mm siage the neuromeres appear clearly in the cerebral tube now 


formed, but the stage is not reconstructed from technical reasons. 


Scylliorhinus canicula 7 


mm Stage fig. —~d). 


Already in this stage the neur J is clearly developed in rostro-dorsal direction. 


The fiss I is ventrally marked very clearly by a fold in the ventricular wall 


hypothalamica by BERGQUIST, 1932 (p. 79) is corresponding to the sulcus thalamo- 
icus externus by ARIENS KaAppers, Huser & Crospy (1936). 

} f simplicity the term archencephalon is used in this paper for that part 

«d rostral to the isthmus. The terms deuteroencephalon and rhomben- 

1 upon as identical (cf. BeErcouist & KALLEN, 1953). 
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Fig. 3a. Scylliorhinus canicula 7mm. Graph.- Fig. 3b. Scylliorhinus canicula 7 mm. Graph.- 
rec.e.l. (35 X). Right side M.I. rec.i. (35 X). Right side. 


lum. praemand. 
bursa R. 


Fig. 3c. Scylliorhinus canicula 7 mm. Transv.sect. (see fig. 3 and 3b) (90 X). 


rostral to the conus opticus (fig. 3 b). The fissure is also visible laterally. The 
sin I is developed in the ventricular cavity. 

In the neur 1 the sin II is clearly developed and can be followed from dorsally 
to ventrally down into the lumen of the optic stalk. The fiss II is dorsally re- 
presented by a deep fold, continues laterally but does not reach the ventral side 


of the cerebral tube. 
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deuteroenc. 


tela chor. IZ 


orhinus canicula 


7 mm. Transv.sect. (see fig. 3a and 3b) (90 X). 


The neur [J] contains a distinct sin III and a fiss II]. The latter, however, 
can only be seen in the upper half of the cerebral tube. 


The fiss IV in the caudal margin of the neur JI” 


1 
Mail 


runs from the plica en- 
ventralis a distance lateralwards, but completely dissappears more dor- 


sally. The sin IV is dorsally only faintly marked in the ventricular cavity. 


|” contains a strongly developed fiss V, which dorsally forms the 
Also a sin V is present. 


rninus Canicuia TO 7101 Siages. 


The neuromery is still present. — In all Scylliorhinus-stages studied the ven- 


1 


all is filled with a compact and undifferentiated stratum matricis. 


Squalus acanthias 9.5 mm stage (fig. 4a and b). 


stage especially the fiss I], III], IV and V are clearly marked on the 
»f the cerebral tube. The corresponding neur II, III, IV and V have 


appearance of rounded discs of rather uniform thickness. Beyond the 


T1OT ¢ 


mandibular cavity (lum. praemand.) the fiss I] forms a very strong fold. 
the ventricular cavity the sin I, IT, II], 1V and V are all clearly seen. 
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Fig. 4a. Squalus acanthias 9.5 mm. Graph.rec.e.l. (50 ). Left side. 


bursa Sees. 
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Fig. 4b. Squalus acanthias 9.5 mm. Graph.rec.i. (50 X). Left side M.I. 


Squalus acanthias 11.5 mm and 12.5 mm stages (fig. 5a and b). 

Already in these stages the neuromeres grow indistinct. The neur V is, how- 
ever, still clearly marked. 

In the 12.5 mm stage a neurod 0 is indicated. 

In the 14 mm stage there are still some remnants of the neuromeres (KALLEN, 
1951 a, fig. 23). 
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chord. sind 


Fig. 5 a. Squalus acanthias 12.5mm.Graph.rec.e.l. Fig. 5b, Squalus acanthias 12.5 mm. 
(25 X). Right side M.I. Graph.rec.i. (25 X). Right side. 


Squalus acanthias 18 mm stage. 


In this stage the neuromeres have diminished still more. A fovea hypothalamica 
is found as in Petromyzon. 

A layer of fibre structures in the lateralmost part of the wall (stratum zonale) 
was described by BERGQUIST (1932) in a Squalus acanthias 10 mm stage. In a 
simil 


imilar stage KALLEN (1951 a, fig. 24) has described the migration areas. 


Torpedo ocellata 6.5 mm stage. 


Already in this stage a clear neuromery is present (KALLEN, 1951 a, fig. 10). 


Torpedo ocellata 7 mm stage (fig. 6a and b). 


On the neur I a neurod oO is developed. 

The neur I is clearly developed and is caudally delimited by a fiss I, which 
is distinct all around the cerebral tube. In its dorsal end the velum transversum 
is formed. 

The neur J] contains a deep sin II, which can be followed from the upper- 
most part of the neuromere down into the lumen of the optic stalk. Caudally the 
neuromere cannot be clearly delimited from neur I//. 

The neur III are ventrally and the neur JI” dorsally clearly delimited. A 
rather indistinct sin IV is present. The sin II] remains only in its ventralmost 
part as a bulge in the hypothalamic region. 

The neur IV and neur V are not laterally well separated. The neur V is 
strongly developed dorsally depending on the strong cephalic flexure. Ventrally 
the deep plica encephali ventralis is marked. The fiss V and the sin V are well 
developed. 


The neur IJ is present. 
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Fig. 6a. Torpedo ocellata 7 mm. Graph.rec.e.l. (50 X). Right side M.I. 


_ sind 


Fig. 6b. Torpedo ocellata 7 mm. Graph.rec.i. (50 X). Right side. 


Torpedo ocellata 7.5 mm and 12 mm stages. 


These stages have also been studied by the present author, but no important 
findings have been made in addition to those obtained from the studies mentioned 
above on Squalus acanthias (cf. KALLEN, 1951 a). 


Among the teleostome fishes the present author has studied a Le pisosteus 
9.5 mm stage and a Lepidosiren 8 mm stage. The neuromery has passed its 


culmination in these stages, so nothing of particular interest has been recorded. 


Already in the Cyprinus carpio 6 mm stage KALLEN (1951 a, figs. 26 and 27) 
described well-developed migration areas. 
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Fig. 7a. Cyprinus carpio 6.2 mm. Wax.pl.rec.e.l. (135 X). Right side M.I. 
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Fig. 7b. Cyprinus carpio 6.2 mm. Wax-pl.rec.e.l. (135 X). Right side 
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neurogd.0 


fissT (vel.transv,) 


Fig. 8a. Necturus maculatus 10.5 mm. 
Graph.rec.e.l. (40 X). Right side M.I. 


Fig. 8b. Necturus maculatus 10.5 mm. 
Graph.rec.1. (40 X). Right side. 


Cyprinus carpio 6.2 mm stage (fig. 7a and b). 


A neurod o is, perhaps, indicated in the rostraimost part of the cerebral tube, 
The neur I is caudally limited by the fiss I. In the ventricular cavity a sin I is 
developed, from which a hemispheric evagination is already developing. 

The neur II and III cannot be distinctly separated depending upon the shrink- 
age of the ventricular wall. The fiss I] is developed only dorsally. The fiss III, 
on the other hand, can be followed on the whole external surface of the cerebral 
tube. The sin II is well developed and runs as usual down into the lumen of the 


optic stalk. The sin I11, however, does not appear so distinctly. 


The neur [I contains a clear sin IV but the fiss IV appears only dorsally. 


Within the neur I” a sin V is developed to a tectum opticum bulge in its 
dorsal part. The fiss V runs rostro-dorsalwards towards the isthmus fold. 
b) Amphibians 
Necturus maculatus 10.5 mm stage (fig. 8a and b). 
A neurod 0 can possibly be distinguished most rostrally in the cerebral tube. 


The neur J at least is distinctly marked. The fiss I is ventrally a deep fissure 
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ind forms dorsally a deep velum transversum-fold. The sin I is faintly developed, 


however, and a part of it is ventrally continued by the sin IT. 
The neur II is chiefly represented by a deep sin I], which runs down into 
en of the optic stalk from the region about the velum transversum. The 


is only marked ventrally. 
caudal limit of the neur I// is marked by the fiss II] which is developed 


lly and most ventrally. Sin IIL is divided into a dorsal part, 


only most dors 
vhich is connected with the sin II, and ventral parts, which lies in the hypo- 


lamic re gion. 
Phe neur II” contains a well-developed fiss IV, which can be followed around 
he whole of the cerebral tube. The appearance of the sin IV is rather irregular. 
In the caudal border of the neur I” the fiss V is developed only as a fold 
rally in the cerebral tube. The sin V extends practically all over the ven- 
surface of the neuromere and fuses in the floor of the cerebral tube 


with sin III (ventral part) and sin IV. 


-neur II. 


A sin VI is visible 1n the 


b). 


‘turus maculatus 12 mm stage (fig. ga and 


An anlage to a neurod o with a sin 0 can be noticed 
ige. The fiss I forms dorsally a deep velum 


Phe neur J is still larger in this st 
followed all around the cerebral tube. From the 


fold, and can be 
‘ic evagination is developing. 


a hemispheric 


transversum 

sin I ; 

Ventro-caudally the neur IT 1s marked by the fiss II. Only the ventral part 
lume 


1 of the optic stalk. 


ly and in the floor 


the sin I] remains and runs into the 


Phe neur I] is limited by a fiss II] which appears dorsal 


he neuromere. A furrow, corresponding to the fovea hypothalamica in Petro 
Squalus (see p. 8 and 12) has been formed across the external sur 


nyzon and la | 
the neuromere between the thalamic and the hypothalamic region. The 


epiphyseal evagination has developed in the dorsal part of the neuromere. 


neur I]” is well developed and is caudally marked by a fiss IV, which 
the cerebral tube. The sin IV extends on the ventricular surface 


re from its dorsal end to its floor. 
on the contrary, is unusually narrow. The fiss V is developed 
_ The sin V is visible on the ventricular surface. 

teur JI contains a rather well-developed fiss VI and a sin VI. 

\ stratum zonale is developing in this stage. In figure 9 b the ridges on the 
cerebral tube (protuberantiae I—VI etc.) are marked. 


the 
findings have been made on the Triturus alpestre material, sta- 


No particular f 
6.08 mm. Judging from the reconstructions of not-hatched Tri 
(1945), the following relationship exist : 


wes ( 
ml 


turus embryos, published by RUDEBECK 
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Fig. ga. Necturus maculatus 12 mm. Graph.rec.e.l. (40 X). Right 
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Fig. 9b. Necturus maculatus 12 mm. Graph.rec.i. (40 X). I 
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Fig. 10a. Pelobate fuscus 6 mm. 


Con. opt. >S 
opt ped.opt. Graph.rec.e.l. (50 X). Right side M.I. 
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Felobates fuscus 6 mm stage (fig. 10a and b). 


newhat too much advanced to permit good judgement of the 


neuromery. As is apparent from the present author’s and RupEBECK’s | 1945) 


reconstructions of this stage, the neur J is still well delimited by the fiss | 
(= Rupeseck’s sulcus di-telencephalicus). 


The neur /1 only contains the region of the conus opticus, as is the case 


in the Petromyzon 4 mm stage and in others. Only the ventral part of the 


sin IT is developed. It continues directly in the sin I, situated dorsally to it. 


[he sin II runs into the lumen of the optic stalk | RUDEBECK’S recessus 


opticus lateralis). The sin I + sin IT has been called the sulcus intraencephali- 


cus anterior by RupresBeck. He could not detect any sulcus subpallialis in this 


Stage 


In the neur //]-region the fiss III is developed only ventrally, while sin IT] 
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Fig. 11a. Rana sp. 5.5 mm.?7 Wax-pl.rec.e.l. 
(8o X). Right side M.I. 


prim.ep. 


fissl 


Sin IX 
Sin] — 


Fig. 11 b. Rana sp. 5.5 mm. Wax-plLrec.i. | 
(80 X). Right side. Ch opt 


(= Rupeseck’s sulcus diencephalicus ventralis) runs from the region im- 


mediately caudal to the velum transversum down into the hypothalamic region. 


The neur Il is much compressed but has a fiss 1V which runs around the 
cerebral tube. 


7 See p. 123. 
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“ig. 12. Rana temporaria 7 mm. Transv.sect. through the diencephalic region (80 X). Cf. 
Bercouist & KALLEN, 1952 b 


The neur I” is strongly developed but is caudally marked only by a short 


‘iss V. which runs down from the isthmus fold in the roof of the cerebral tube. 


- gmt and S§ mm have been studied. In the 


Also the Pelobates fuscus 5.5 mm, 7 


mentioned the neuromery is disappearing. 


Rana temporaria 4 mm and other stages no important changes occur. 


Rana temporaria 5.5 mm stage (fig. 11a and b). 


In this stage neuromery is very clearly seen. A neurod o is indicated. 

The neur J contains in each ventricular surface a small sin I. The caudal 
limit of the neuromere is well marked by the fiss I, which runs around the 
cerebral tube. In the neur J] a distinct sin II is visible. As usual it runs down 
into the lumen of the optic stalk. The fiss II is limited to the caudal border 
of the conus opticus. The neuromere is triangular with the base directed ven- 
trally. It reaches only the middle of the cerebral tube. 

The neur I/] contains a sin III which starts in a deep bulge together with 
the sin I] dorso-rostrally, behind the velum transversum. The sinuatio then 
runs in a ventro-caudal direction across the cerebral tube and ends in the 
hypothalamic region, where a deep lateral pouch is formed. The fiss III is 
unusually well developed around the cerebral tube and forms ventricularly a 
strong ridge. A fovea hypothalamica is present between the thalamic and the 
hypothalamic regions, situated diagonally across the neuromere. 

Behind the primordium of the epiphysis (prim. ep.) in the roof of the 


neur IJ” the sin IV forms a small bulge. The fiss IV is strongly developed. 
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13a. Lepidochelys olivacea 4 days (6 mm). Graph.rec.e.l. (68 X). Right side M.T. 


sin] sin 


bursa R— 


Fig. 13b. Lepidochelys olivacea 
4 days (6 mm). Graph.rec.i. (68 X ). 
Right side. chord. 


The neur |” contains a sin V which runs all over the ventricular surface 
of the neuromere. 

Immediately behind the neur V lies the neur IJ and the oblongata neuromeres. 

As in other species already described neuromery gradually disappears in 
later stages. At the same time the migration areas develop (fig. 12). Cf. also 


KALLEN (1951 a) fig. 39—42. 


c) Reptiles 
Lepidochelys olivacea 4 day stage (fig. 13a and b). 


The neur I is caudally delimited by the fiss I which can be followed down 
from the roof of the cerebral tube to the rostral margin of the conus opticus. 
The sin I bulges out in the rostral part of the neuromere which seems to be of 


rather late formation. 
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xcept the dome-shaped neur I the five rostralmost neuromeres have the 
typical rounded disc-like appearance. The fissures, caudally limiting the neuro- 
meres, can be followed around the whole of the cerebral tube. In the ventri- 
cular cavity the neur I] is represented by the sin II, which runs down from 
a thinning of the wall. It continues ventralwards to the optic evagination. The 
fiss I] is marked by a deep fold in the floor which was also the case in Squalus, 
Necturus (12 mm) ete. 

In the weur J/] a saccus infundibuli is formed rostro-ventrally and the 
tuberculum mammillare ventro-caudally as bulges in the ventricular wall (rec. 
ace. inf. and rec. mam.) The saccus infundibuli borders on the Rathke’s pocket. 


Che fiss Il] forms a deepening in the dorsal part of the cerebral tube and runs 
ventrally from it down to the caudal border of the mammillary region. The sin 
[11 is developed only in the upper part of the neuromere. 

The neur J] is ventrally compressed between the neur III and the neur V. 
The fi forms—as fiss II] did—a deepening of the wall in the dorsal 
part of the cerebral tube. Sin IV runs along the neuromere down towards the 
tuberculum posterior. 

neur |” is caudally delimited by a deep fiss V, which is marked by deep 
folds as well in the dorsal as in the ventral part of the cerebral tube. The upper 
fold is the anlage of the isthmus fold. The rhombomeres are not yet distinctly 
developed, but a ventral bulge beyond the notochord forms the anlage of the 
pons Waroli. 


\lready in this stage one can find some fibre structures in the lateralmost 


the wall indices of a stratum zonale. 


livacea 5 day stage (fig. 14a and b). 


ral part of the neur J pushes forward more than in the preceding 


On its external surface an impression marks the contact surface with 


the olfactory placode. The dorsal part of the fiss I forms a sharp fold, the 


transversum. The fissure is distinct also ventrally. Here it 
‘ostral margin of the optic stalk. In its middle part the fissure 

lisappeared. The sin | is better developed than in the preceding stage. 
No more important changes have occurred in the neur J]. The sin II has 
its connexion with the lumen of the optic stalk and the ventral part of 

I] has disappeared. 

f the neur I/]] the saccus infundibuli and the tuberculum mam- 
developed still more. The sin IIT has continued down into the 
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Fig. 14 a. Lepidochelys oliva- 
cea 5 days (7 mm). Graph.- 
rec.e.l. (68 X). Right side M.I. 


Fig. 14b. Lepidochelys olivacea 
5 days (7mm). Graph.rec.i. (68 X ). 
Right side. 


Sacc. 


Lepidochelys olivacea 6 day stage (fig. 15 a—c). 


In this stage the foremost neuromeres are very distinctly marked in the 
dorsal part of the cerebral tube. As is apparent by the reconstruction (fig. 15 a) 
the external contour of the head is quite smooth. The distribution of the cells 
in the wall also show that no shrinkage is present. 

A neurod 0 is present rostrally. In the caudal border of the neur I the fiss | 
is situated exactly as in the preceding stages, even if it is deeper dorsally 
and forms a velum transversum. 

The sin II has again been connected with the lumen of the optic stalk in 
the neur I]. An optic chiasma is developing. 

The neur IIT is dorso-caudally not marked by such deep folds as in the 
preceding neuromeres. The fiss III is very distinct, however, but does not 


reach the plica encephali ventralis. 
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Lepidochelys olivacea 6 days 
Graph.rec.e.l. (50 X). Right 


side M.I. 


days 


side 


fiss IV does not run quite down to the plica encephali ventralis, where 
motor nerve is developing. But it shows a tendency to run down rostral 
to the anlage of this nerve. 


addition to this nothing of particular interest was found. 


of Lepidochelys olivacea, as 7 days, 8 days and 9g days old, 
reconstructed, a clear neuromery is present. In the 7 day stage 
is distinct up to the neur XII. The neur VII lies on a level 


with the ganglion trigemini and the neur IX on a level with the ganglion 


acustico-faciale close to the otic vesicle. The caudal limit of neur XII is in- 
distinct. Already in the 10 days stage the rhombomeres have largely disappeared 


and only some remnants can be seen of the foremost neuromeres. — The migra- 
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Fig. 15 c. Lepidochelys olivacea 6 days (8.5 mm). Transv.sect. (see fig. 15 a and b) (go X). 


tion areas appear distinctly in the 9 day stage (cf. BerGguist & KALLEN, 1952 a 
and b). 

The Lepidochelys material has been one of the main ones of this investiga- 
tion with close stages and very good series. The material comprises both trans- 
versal, horizontal and sagittal series. The reader is also referred to an investiga- 
tion on the development of the diencephalic nuclei in higher vertebrates, which 
has been carried out by the present author parallelly with this investigation and 
which will be published soon ( BERGQUIST, 1953 a and b). 


The Chrysemys marginata material (head length 1.64 mm and 2.19 mm) 
was too far developed to permit any studies on the neuromeres. KALLEN (1951 a) 
reconstructed a Chrysemys picta 4.5 mm stage which is younger than the stages 
studied by the author. Also in this stage, however, the neuromeres have practi- 
cally disappeared. Chelydra serpentina 1.5 mm, Dermochelys coriacea g days, 


11 days and 15 days old have been studied. Nothing peculiar has been observed. 


Lacerta sp. 5 mm stage (fig. 16a and b). 


This stage is a little too much developed for the study of the neuromeres, but 
in spite of this some observations could be made. 

A neurod o represents an anlage of the olfactory bulb. 

In the neur J the hemispheric evagination has started from the sin I. The fiss I 
has been deepened by this process. 

The neur II is very reduced. In the neur IJ a sin III is still present along 
the ventricular surface. In its ventral part it is broken off by a ridge, which 
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Lacerta sp. 5 mm. Wax-pl.rec.e.l. (32 X). Right side M.I. 
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corresponds to the fovea hypothalamica on the external surface of the 
tube. In the hypothalamic region, the latter is more expanded. 
|” is externally limited caudally by a well-developed fiss IV. It 
well-marked sin IV. 
" the tectum opticum region bulges out very strongly. Isthmus 
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Fig. 17 a. Alligator mississippiensis 2 mm. Wax-pl.rec.e.l. (75 X). Model by Wedin (1949 a: 
fig. 1). Left side. 


ped. opt. 


neur 
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Fig. 17 b. Alligator mississippiensis 2 mm, Wax-pl.rec.e.d. (75 X). Model by Wedin (1049 a). 
Left side M.I. 


In Chamaeleon sp. (4.5 mm—7 mm) and in Gonatodes candians (head length 
2.1 mm and 3.5 mm) nothing particularly new is present. This 1s also the case 


with Chalcides tridactylus 1.7 mm and 2.04 mm stage ete. 


WepDIN (1949a) shows in his figure 1 a wax-plate reconstruction of an 
Alligator mississip piensis 2 mm stage (fig. 17a). The reconstruction has been 
used for other purposes and the contour of the cerebral tube has only been 
used for the sake of orientation. The reconstruction shows a very beautiful 
neuromery in the foremost part of the cerebral tube up to the neur VI. The 


author has studied the series closely with attention on the neuromeres. Com- 
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c. Alligator mississippiensis 2 mm. 
Parasagittal sect. (41 X). 
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Fig. 18a. Tropidonotus natrix 
‘3 


4 mm. Wax-pl.rec.e.l. (52 


fiss neural Right side M.I. 


pare also the parasagittal section from this series, shown in the figure 17 ¢. 


[specially the dorsal parts of the neuromeres appear clearly (fig. 17 b). 


Tropidonotus natrix 4 mm stage (fig. 18a and b). 
A neurod 0 is indicated. The neur II is as much reduc das in Necturus macu- 
latus 10.5 mm stage i.a. There is some shrinkage present in this series but, 


the same neuromeres appear as in other reptiles. 


on the whole, 
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Fig. 18b. Tropidonotus natrix 4 mm. 
Wax-pl.rec.i. (52 X). Right side. 


d) Birds 
Columba livia 7 mm stage (96 hrs) (fig. 19a and b). 


There is a neurod o present, which can be seen both on the external and on 
the ventricular surface. The neur I is caudally limited by a well-developed 
fiss I, which runs around the cerebral tube. The sin I is connected with a sin o 
in the neurod o. The neur IT is, on the contrary, strongly reduced and fuses 
to a considerable degree with the neur IIT. Only the conus opticus in its ventral 
part is clearly seen. 

Dorsally in the neur J// an anlage of the epiphysis is bulging out. The fiss 
III can be followed around the cerebral tube. The sin III is rostrally connec- 


ted with the sin II, which ventrally runs into the lumen of the optic stalk. 


One also finds a distinct bulge in the ventral part of neuromere — separated 
from the caudal part of the sin IIT. This lies in the future hypothalamic region. 

The neur IV is caudally well limited by the fiss IV. The sin IV is distinct 
from dorsally to ventrally in the tube. 


The neur |” has not been more closely studied. 
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3 Fig. 19a. Columba livia 7 mm (06 
Opt (neur I) hrs). Wax-pl.rec.e.l. (100 X). Left 
peo opt side. Model by B. KALLEN. 
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| Fig. 19b. Ce lumba livia 7 mm_ (96 
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Fig. 20a. Didelphys sp. 5.4 mm. Wax-plLrec.el. (50 X). Right side M.I. The rhomben- 
cephalon is cut of in rostral and caudal topographic direction. 


Gallus domesticus 2 day, 3 day and 41/2 day stages. 


As the present author’s results almost completely agree with those published 
by RENDAHL (1924) on this species, the reader 1s referred to the following dis- 


cussion on p. 170. 


e) Mammals 
Didelphys 5.4 mm stage (fig. 20a—c). 


A neurod o is externally limited by a fissure (fiss 0). The neur I is caudally 
marked by the strongly developed fiss I. It dorsally forms the anlage of the 
velum transversum. The sin I enters dorsally the hemispheric evagination. 

The neur II is marked along its caudal side by the fiss I, which dorsally 
conflows with the fiss I to one fissure. The sin IT is faintly developed and does 
not reach the lumen of the optic stalk. 

The neur III contains a well-developed sin III, which, however, is divided 
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Fig. 20c. Didelphys sp. 5.4 mm. 
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into a dorsal 
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or. Dorsally an epiphyseal anlage is present. The fiss IT] is distinct except 
ventrally. The saccus infundibuli is seen ventrally. 


and a ventral part in the region before the tuberculum poste- 


The neur II’ contains a sin IV, which can be seen along a great part of the 
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Fig. 21 a. Hipposiderus sp. 2.4 mm. Wax-pl.rec.e.]. (100 X). Right side M.I. 


reg. com.c. (anlage) 


evag. opt. sink 


Fig 21 b. Hipposiderus sp. 2.4 mm. Wax-pl.rec.i. (100 X). Right side. 
ventricular surface. The fiss IV like the fiss II1 is wellmarked on the external 
surface of the cerebral tube. A sin V is present in the neur |’. The rhombomeres 
are well developed. 

Hipposiderus sp. 2.4 mm stage (fig. 21 a—f). 


The neuroporus rostralis (= neuroporus anterior) is here still open. Neither 
a neurod o nor a neur I is developed in this early stage. The rostralmost part 
of the neural tube is represented by the neur I/, which is well developed. Within 
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Hipposiderus sp. 2.4 mm. Wax-pl.rec.e.d. (100 X). Right side. 


21d. Hipposiderus sp. 2.4 mm. 
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Fig. 21 f. Hipposiderus sp. 2.4 mm. 
Transv.sect. (see fig. 21 a and b) 


1 
neurop rostr (90 X). 


this the two optic evaginations are seen laterally. The distinct fiss II encircles 
the cerebral tube. The sin IT is situated around the optic evagination but is 
rather shallow. 

The neur IIT is caudally marked by a fiss II] and contains a distinct sin 
Ill. The fiss IV is not quite such a clear boundary to neur | caudally. 
The sin IV is clearly seen on the ventricular surface. In the rostro- 
dorsal part of the neur IV the wall of the cerebral tube is of uniform thick- 
ness. Caudally the dorsal part of fiss 1V is, however, not corresponded to by a 
well marked ridge on the ventricular surface, as is usually the case. On the 
contrary, this dorsal part of the cerebral tube is here thinned and forms an 
anlage of the commissura caudalis region (= commissura posterior-plate ). 

The neur I” is caudally limited by the fiss V, which is seen only in its 
dorsal half. The sin V is well developed. The neur II is very clearly seen 
already in this stage with a distinct caudal limit, the fiss VI. The sin VI is rather 
small, however. The rest of the rhombomeres are developed but especially the 
caudal ones are rather indistinct i.a. neur XIII (neurod XIII), (fig 21 a and b). 


Hipposiderus sp. 2.5 mm stage. 


The neuroporus rostralis is closed in this stage. The optic vesicle has devel- 
oped from the neur I/. In the ventral part of the neur [// a tuberculum infundi- 


buli bulges out. The dorsal part of fiss V (= the isthmus) is clearly seen. 


Neither in the Hipposiderus 3 mm stage nor in the 4 mm stage (fig. 22) 


2 


has anything new appeared about the six rostralmost neuromeres. 
In Pteropus semiundus 4 mm nothing peculiar is observed. 
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europaea 2 mm. Wax-plrec.e.l. (135 X). Right side M.I. Model by 


B. KALLEN. 


Talpa europaca 2 mm stage (fig. 23a and b). 


The neurod 


o is present. The lateral part of the neur J is impressed by the 
olTactory place des. The 


fiss I is strongly developed dorsally and faintly devel- 
oped ventrally, rostral to the optic stalk. The sin I is clearly visible on the 
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Fig. 23b. Talpa europaea 2 mm. Wax-pl.rec.i. (135 X). Right side. Model by B. KALLEN. 


ventricular surface. The middle of the sinuatio is compressed by the impres- 


sion, externally caused by the olfactory placode. 


The neur II is reduced to the region of the conus opticus, where a small 
fiss If and sin II is present. 

The neur IIT is characterized by a saccus infundibuli, which is much devel- 
oped ventrally. The fiss III is strongly marked along the whole of its length 
except in its dorsalmost part. The sin III crosses the ventricular wall and 
is well developed. The neur IV’ contains a distinct sin IV and is caudally 
marked by a fiss IV. 


Talpa europaea 3 mm stage. 

There are no more important changes in this stage compared with the 2 mm 
Stage. 
Erinaceus europaeus 3 mm stage. 


In this sagittally sectioned series all five neuromeres of the archencephalon 
appear distinctly. Also the rhombomeres, situated caudal to them, are well 
developed. The 5 mm and 7 mm stages also contain similar formations. 
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Fig. 24a. Procavia capensis 3.8 mm, Graph.rec.e.l. (31 X). Right side M.I. 


Mus musculus v. alb. 4 mm stage. 
In the rostralmost part of the neural tube the neurod o is developed. It is 
marked by a fissure. The neur J is caudally bounded by a fiss I dorsally and 
ventrally. The sin | is strong. Dorsally it is the future hemispherical evagination. 
The sin II is broken off in the middle of the neur J/, and so is the fiss II. 
n the neur I/] the roof bulges out as an epiphyseal anlage. As was the case 
in the second neuromere, the sin III and the fiss III are not distinct in their 
iddle and dorsal parts. 
In the neur JI” one finds sin 1V as well as a fiss IV. The neur V represents 
developed neuromere and forms a flexura parietale (== cephalic 


No new facts on the rhombomeres appear in this stage. 


Wus stages studied (3.4 mm and 5.5 mm stages etc.) nothing particular 


Frocavia capensis Stage (tig. 24a 


The neur IIT can be seen only in its ventral part and is externally delimited 
appr. conus opticus-limit. A saccus infundibuli is developed in the 

JJ]. The sinuationes and fissures of all neuromeres are distinct except 

} 


fiss V, which is visible only dorsally as the isthmus fold. 


In the other Procavia stages studied (4 mm and 4.5 mm) no special observa- 


12 mm and Felis stages (4.5 mm and 5 mm) have 


to agree well with the other mammalian embryos 
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Fig. 24b. Procavia capensis 3.8 mm. Graph.rec.i. (31 X). Right side. 
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Fig. 24c. Procavia capensis 3.8 mm. Horiz.sect. Neuril 
(see fig. 24 a and b), (46.5 X). 


Fig. 24 d. Procavia capensis 3.8 mm. 
Horiz.sect. (see fig. 24 a and b), 
(46.5 X). 
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Fig. 24e. Procavia capensis 3.8 mm. 
Horiz.sect. (see fig. 24 a and b), 
(46.5 X). 


strat .20n. 


strat. matr. 


sace in{(neur Ml) 
tiss 0 


sinI-— 
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Horiz.sect. (see fig. 24 a and b) (46.5 X) 


f) Homo 
1.2 mm stage and in others only the neural folds are developed. 
mm stage (fig. 25 a and b). 


formation of the neuromeres shows its first signs but simultaneously 


with the development of the optic evaginations a neur II is distinct. Caudally 


the neuromeres are not completely developed, so they are called neurods. The 


neurod III and the neurod II” are slightly marked on the external part of 
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Fig. 25 a. Homo 1.7 mm. Graph.rec.e.l. 
(180 X). Right side M.LI. 


flex.par. rhombenc. 
fiss ly sin 


g, 25 b. Homo 1.7 mm. Graph.rec.i. 
(180 X). Right side. 


foregut 
evag. Opt. memb. bucco-phar. 


cerebral tube by small dorsal folds. The neurod lV’ already forms dorsally 
the anlage of the cephalic flexure. The external limits of anlages to the rhom- 
homeres cannot yet be observed, but rostrally in the ventricular wall some 
indistinct bulges are present: the future sinuationes. 
There are no neurod I and neurod o developed in this stage. If the neurods 
are to be more closely studied, wax-plate reconstruction must be carried out, 
which has not been possible on this material.!® 


10 KALLEN & Lrxpskoc (1952) have shown in neural grooves and in neural folds in Mus 
serial bulges, called proneuromeres. These proneuromeres are not comparable with the rudi- 
ments of neuromeres (neurods), which develop later. 
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26 a and b). 
ner} very clearly seen in this stage. The neur J is externally 
‘tly separated from the neur I] by a halon fiss I. A sin I is developed 
ntricular surface. 

/], on the contrary, is very clearly seen with the optic vesicles 
ventro-laterally as is usually the case. In the ventro-caudal part a 
formation has developed on each side of the cerebral tube. The 
is distinct all around the tube. The sin II is especially well devel- 
f the neur I// contains rostrally an unpaired 
gemini (gel. V) seems to lie on a level with neur VI. It really 

] s due to the fact that the series is not cut 
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7a. Homo 4 mm. Wax-plrec.e.l. (30 X). Left side. 


pocketlike formation, which can possibly represent the anlage of the epiphyseal 
complex. A fiss III is seen laterally and ventrally towards the bursa Rathkei. 
The sin III is visible dorsally and ventrally. 

The fiss IV between the neur J!” and neur V runs around the whole of the 
cerebral tube. The sin IV is well developed. The fiss V and the sin V in the 
neur |” are also clearly seen. The rhombomeres up to the neur XI are distinct 
and the ganglion trigemini corresponds to the neur VII and the ganglion VI! 


and VIII to the neur IX, as is usually the case. 


Homo 4 mm stage (fig. 27 a and och b). 


A neurod o formation is present in this stage, externally marked by a fiss 0 
dorsally and ventrally. The neur I is rather well developed, containing a sin I 
and limited by a fiss I. The latter is distinct dorsally and ventrally but not 


in its middle part. It represents the rostral border of the optic evagination. 
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tr 


the cerebral tube. In the flo r of the neuromere the 


distinct ridges, protub. {1 and ITI. 


The neur I/ is still clearly delimited. Ventricularly the sin II is shown, ven- 


trally ending in the optic evagination. The fiss II runs around the whole of the 


cerebral tube and lies ventrally close to the optic evagination. The neur J] 


has a distinct sin III, which runs down into the hypothalamic region. The caudal 


limit of the neuromere is externally marked by the fiss III which runs around 


saccus infundibuli can be 
seen for the first time close to the bursa Rathkei. Behind it lies the 


culum mammillare. On the ventricular surface the fiss T] and the fiss III form 


The neur IV’ contains a sin IV. It is. however, not distinctly delimited from 


the sin V, situated caudal to it. The fiss IV runs externally all around the 


bral tube as was the case with the fissures already described. The neur 1 


forms a well-developed cephalic flexure in its dorsal part. Caudally the fiss V 


also runs around the cerebral tube. but the lateral parts of the fold 
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Fig. 28a. Homo 5.5 mm, Wakx-pl.rec.e.l. (34 X). Right side M.I. 


so distinct. On the dorsal surface the fiss V shows as a well-marked fold. 
The neur I’ is seen with a well-developed sin VI and a caudal fiss VI. 
Seven rhombomeres are developed. The neur XII is, however, not very 
distinctly delimited from the primordial medulla spinalis. 
The neur VII lies on a level with the ganglion trigemini and the neur IX with 
the ganglion acustico-faciale and the otic vesicle, which has not yet been separa- 


ted from the epidermis but is connected with it by an epidermal stalk. 


Homo 4.5 mm and 5 mm stages have been cursorily studied. 


Homo 5.5 mm stage (fig. 28a and b). 
« S 


No neurod o formation is to be seen. The neur I develops strongly. The sin I 
is broad and well developed. The fiss I is distinct dorsally and laterally. It runs 


down rostral to the optic stalk. The neur IJ is still distinctly visible but is com- 


it A. Z. 1952 45 
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tub.mam, 


dorsally. The sin II is very clearly seen between two ridges on the 
ular surface of the tube. It ends in the lumen of the optic stalk. The fiss I] 
rsally, parallel to the fiss 1. An optic cup has been developed from 
lk, on the ventral side of which the chorioid fissure invaginates. In 
ic cup the epidermis forms a lens pit. 

the neur J/] an epiphyseal anlage is developed dorsally. The tuberculum 
is di lly, but the saccus infundibuli is not so clearly seen. 
fiss II] 


re 1s distinct ventra 
[I] is not connected ventrally with the hypothalamic bulge. Th: 
en all around the cerebral tube. The neur J]° and the neur |” contain 
a sin V and caudo-laterally a fiss 1V and a fiss V_ respectively. 
tioned fissure run like the fiss II] around the whole of the cerebral 


F the neur V is marked on both the external and the internal 


eres especially the neur 1°] appears with a sin VI and 
‘he rest of the rhombomeres become indistinct, especially 


“ent sinuationes can stil seen on the ventricular 
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Fig. 29a. Homo 6.2 mm. Wax-pl.rec.e.l. (33 X). Right side M.I. 


The Homo 6 mm and 6.1 mm stages have not been reconstructed but the Homo 


6.2 mm stage has been (fig. 29a and b). 


The neur J continues to develop. The sin I is developing to a hemispherical 
evagination and the fiss I toa fissura di-telencephalica, which as in the preceding 
stages runs down to the region rostral to the optic stalk. The neur JJ forms now 
in lateral view a triangular formation with the apex directed dorsally. The sin I] 
is connected with the lumen of the optic stalk and runs down into the future 
recessus praeopticus. The fiss I] is identical with the caudal margin of the 
optic stalk and becomes confluent dorsally with the fiss I. 

The neur [1] contains a sin III which is developed as in the 5.5 mm stage. On 
the external surface a non-neuromeric furrow is developing between the fiss | 
and the fiss Ill. The last-mentioned also bends rostro-ventrally instead of 
running down into the plica encephali ventralis. The epiphyseal anlage is still 
more marked in this stage. The saccus infundibuli and the tuberculum mam- 
millare have not become more developed. 

The neur II” is much smaller in this stage than in the preceding one. The 
sin IV is fused both with the sin III and with the sin V. The fiss [V can hardly 
be seen. The neur |’ contains a distinct fiss V, the dorsal part of which forms 


an isthmus fold. This formation has become much more distinct in this stage. 
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Right side. 


\lso the rhombomeres change their appearance and become indistinct. This 


is especially the case with the neur VI, which forms the cerebellum anlage in its 


marked only partly on the reconstruction. 


ther stages (see table VI) have been studied. The 
¢ in these stages. Cf. Bercouist & KALLEN (1952 b) 
transforn 


ation of neuromeres to migration areas. 


IV. COMPARISON 


lled neuromerodes O (neur is indicated in most species in 
the : 7 m, Squalus 12.5 mm, 
mm, Necturus 10.5 mm, Lepidochelys 6 days, Tropidonotus 4 mn 
Didelphys 5.4 mm, Talpa 2 mm, and Homo 4 mm and 5.5 mm. 

of these stages is there a real neuromere formation, comparable with 


rue neuromeres, developed more caudally. It can possibly be compared with 
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the caudalmost anlages of neuromeres (neurod I1I—XIII ete.). They all seem to 


represent rudiments of neuromeres. 

The formation of the neurod o starts when the development of the hemisphere 
has commenced. It represents the rostralmost part of the cerebral tube and forms 
a cap on the rostral end of the tube. The neurod 0 is caudally limited by a fold, 
here called the fissura interneuromerica 0 (fiss 0). The fold is usually weakly 
developed and is only partially visible. In Mus it is marked around the 
cerebral tube. In the description of stages above, the fissure has only occassionally 
been closely described, as it is rather uniform. It has, however, been marked 
in the figures. Sometimes a ventricular bulge appears in this part of the cerebral 
tube, i.a. in Squalus 12.5 mm, Torpedo 7 mm. The bulge has been called the 
sinuatio neuromerica O (sin 0). Like the sinuationes of true neuromeres this 
one 1s very variable. The fiss 0 partly folds the ventricular surface as a ridge. 

WEBER (1900) has shown a “I segmente métamérique (repli juxta-neuro 
poriques)” in chickens, which clearly corresponds to the neurod 0, described 
above. (See Wener’s fig. 6.) In the continuation of this paper he points out 
that his first “repli juxta-neuroporique” has not the same value as the following 
ones and that he has not found it in pheasants. 

In Sphenodon Wyvern (1924) has described ‘‘a terminal segment of the pri- 
mitive neural tube”, which according to him subsequently gives rise to the 
olfactory bulb. 

KUDEBECK (1945) has described young embryos of dipnoans and amphibians. 
In the text as well as in the figures of the reconstructions he mentioned facts 
which pointed towards the existence of a neurod 0 formation also in these 
animals. RUDEBECK’s sulcus subpallialis in i.a. unhatched Triturus stages and 
Necturus 10.5 mm stage thus chiefly corresponds to a part of sin o. I have 
also had occasion to graphically reconstruct the 10.5 mm Necturus stage, and 
have found the same formation to be present. On the contrary it was not 
possible to find any sulcus preopticus, as described by RupEBECK in this stage 
(cf. RupEBECckK’s figure 16 A—B). 


The first true neuromere (neur J) is formed, when the neuroporus rostralis 
(= the anterior neuropore) is closed. Cf. Hipposiderus 2.4 mm, Homo 1.7 mm 
and 3.4 mm stage. When the neur I develops, the neur II, IIT, IV and V have 
all been differentiated in the rostral part of the cerebral tube. Together with 
neurod 0, the neur | forms the rostralmost, cap-formed part of the cerebral 
tube. It has been found—like the rest of the neuromeres, with the exception of 
the neur (neurod XII1)—in all vertebrates studied. 

On the external surface of the cerebral wall the neur I is usually very 
sharply limited by a well-marked fissura inter neuromerica I (fiss I), which 
can be followed all around the cerebral tube. Ventro-laterally the fiss I follows 


the rostral margin of the optic evagination, 1.e., the anlage to the conus opticus 
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the optic stalk. Dorsally the fold extends more or less deeply into the 
cle and forms the velum transversum. (Cf. also KALLEN, 1951 a, and) 
do 7.5 mm stage.) Sometimes, i.a. in Talpa 2 mm stage, the fiss I is less 
distinct ventro-laterally, rostral to the conus opticus. 
lhe externo-lateral surface of the neur I very often bulges in at the place 
where the olfactory placodes are pressed towards the neuromere. (See i.a. Talpa 
The ventricular surface of the neuromere very often forms a 
lge, here called the sinuatio neuromerica I (sin 1). Dorsally this one 
gradually changes to the hemispheric evagination. See i.a. Cyprinus 6.2 mm 
stage, Didelphys 5.4 mm stage, and others. Usually the dorsal part of the sin | 
is in early stages shallower than the corresponding structures in the other neuro- 
neres, Where the well-developed sinuationes are of about the same depth from 
to their ventral parts. The variation of this sinuatio and all other 
the subsequently developing sulci is rather great. (BERGQUIST, 
KALLEN, 1951 b.) 
» be generally accepted among the investigators on the 
y. Its caudal limit, however, has been somewhat discussed. 
lies rostral to the optic evagination, but some, 1.a. JOHN- 
1009) think it lies caudal to it. Herer (1948) is uncertain on this point. 
1t author’s studies have shown that the caudal limit of this neuromere 
problematic. (See below.) 
I corresponds to some different sulci in the descriptions of different 
im account of its great individual variation the comparisons must be 
of the sulcus intraencephalicus anterior in Proto- 
(1945) seems, however, to dir ctly correspond to 
aper (1950) on Lepisosteus, 


sulcus subpallialis and the sulcus pallialis (see fig. 4b). 


ic groove ( KALLEN, 1951 a) seems also to be sin I. 


the ventro-lateral part of the neur //] and 

Already before the closing of the neural 

aginations begin to evaginate. When the neural folds fuse, 
-ostrally where a neuroporus rostralis remains, the connexion be- 
optic evagination and the ventricular lumen is broad. The neur I] 


s the rostralmost part of the cerebral tube. (See Hipposiderus 2.4 mm 


talk with the optic vesicle and later the optic cup with the 


id fissure have been differentiated, the ventricular lumen 1s still connected 


he optic stalk. Not until the neuromeres are disappearing and 


the lumen O 


tic stalk is developing to the fasciculus opticus, is this connexion broken. 


-o-ventrally to it the recessus praeopticus develops and ventrally to it the 


chiasma. The region where the optic stalk develops—as CLARA (1940) 
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1a. has shown—is externally marked by a low, circular swelling, the conus 

opticus. 

The dorsal part of the neur II, forming the roof of the ventricle, is thinned 
in i.a. Lepidochelys 4 and 5 mm stages. . 

3y the early development of the optic evagination and other formations, the 

neur II is transformed from the very first stages in many species. A typical 

neuromére appearance is found in the following stages: Squalus 9.5 mm, Tor- 


pedo 7 mm, Lepidochelys 4—6 days, Alligator 2 mm, Mus 4 mm and Homo 
3-5 mm, 4mm and 5.5 mm. Here the neur II forms an equally broad, transversal 
disc in the cerebral tube. Sometimes this disc can be strongly compressed be- 


tween the neur | and III but retains its 


‘ 


‘segmental’ appearance. 

In other species, i.a. Homo, the disc-like neur I] can be reduced in later 
stages (in this case the 6.2 mm). It then disappears dorsally, and ventrally it 
comprises only the region around the conus opticus. This is also the case in 
Petromyzon 4 mm, Rana 5.5 mm, Columba 7 mm, Didelphys 5.4 mm and Pro- 
cavia 3.8 mm ete. In these stages the neur II chiefly comprises the region 
around the optic evagination and later on the conus opticus and the optic 
stalk. It forms a region, which in lateral view is triangular with the base turned 
ventrally. 

The limits of the neuromere towards other neuromeres are also very varying. 
This is especially the case with its caudal, external limit, the fiss II. In this 
manner the neur II continues without a sharp limit into the neur IIT in Necturus 
10.5 mm stage, Pelobates 6 mm stage, and other. The rostral limit is indistinct 
ia. in Talpa 2mm and Homo 3.5 mm. In other stages studied, when the devel- 


opment of the neuromeres is typical, the fiss I] is clearly visible. In some cases 


it can be followed all around the cerebral tube. It usually forms ventro-caudally 


the caudal limit of the conus opticus. When the neur II is reduced and is only 
visible ventrally, the fiss | and fiss Il form a common fissure, i.a. in the Homo 
6.2 mm stage. 

The sin II is very inconstant. In Scylliorhinus 7 mm, Rana 5.5 mm, 
Lepidochelys 4—6 days and Homo 3.5—5.5 mm can a distinct sin II be followed 
usually from the roof of the ventricle to its end point in the lumen of the optic 
eVvagination or the optic stalk. As is the case with the other sinuationes, the sin I] 
can be rostrally and caudally delimited by transversal ridges. In the Necturus 
10.5 mm stage the sin IT is dorsally connected with sin I and sin ILI. 

The neur II is one of the most discussed parts of the cerebral tube. The reader 
is referred to BRoMAN’s (1896) and RENDAHL’s reviews of this literature. The 
neur II is identical with RENDAHL’s parencephalon anterior, except its ventro- 
caudal limit, which RENDAHL determined as caudal to the infundibular region, 
but which according to my investigation lies more rostrally. The early devel- 
opment of the optic evagination which soon changes the appearance of the 


neur II seems to be the main cause of the different opinions on this neuromere. 
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It is apparent that study of early and close stages of embryos and comparisons 


it 


between different species are necessary if the question of the existence ot the 


neur II is to be solved. 


The third neuromere (neur I/]) corresponds to RENDAHL’s (1924) paren- 


phalon posterior. In the 1.7 mm Homo stage only a neurod III has developed. 


\lready before the formation of the neuromere, a hype thalamic bulge develops in 
ts floor. Later on it differentiates ventro-rostrally into a bulge, the saccus in- 
Fundibuli ( WINGSTRAND, 1951), the apex of which gives rise to the neural lobe 
the neurohypophysis. Caudally (topograhically usually dorso-caudally ) to it 
bulge develops at very early stages. It is here called the tuberculum 
lare and subsequently gives rise to the mammillary region. ( Lepidochelys 

ivs and Homo 4 mm.) 
il in the roof of the neur IIT is usually thickened in early 


] 


1w;Wonotus 


1n Lacerta 5 mm, Lepidochelys 7 days, Columba 7 mm 
mm). This thickening is followed later on by a dorsal evagination 
ves rise to the epiphyseal complex. 
well developed. It can be followed all around the 
t of the present author's material. 
dorsally and ventrally (Petromyzon 4 mm, Mus 
mm and Scylliorhinus 7 mm), or only 
d. It shows rather great variation. Very 
, hypothalamic part (1.a. Didelphys 
from dorsal to ventral ( Petro 
Columba 7 mm, Hipposiderus 
audal limit of the neuro 


synencephalon of von KUPFFER (1906), 

and the metathalamus of STREETER 

Homo stage only a neurod LV has developed. 

ur IV is usually rather well developed in the whole of 
stage, however, it is rather small and 


etromyzon stages studied, and in Homo 6.2 mm 


fiss IV is usually marked as a ventral fold in the rostral margin of the 
‘ephali ventralis. In the following stages: Pelobates 6 mm, Necturus 
days, Homo 3.5 and 4 mm and others the fissure can 

Jlowed all around the cerebral tube. In Torpedo 7 mm, Cyprinus 6.2 m1 


1 others the fiss IV is only marked dorso-laterally, but in Scylliorhinus 7 mm 


llv. 
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In the following stages: Necturus 12 mm, Rana 4 mm (according to KALLEN, 
1951a), Talpa 2 mm and Procavia 3.8 mm the sin IV is typically developed 
transversally along the whole surface of the neuromere. In Homo 4 and 5.5 mm 
the sin IV is closely related to the sin V, situated caudally. 


The fifth neuromere (neur I’) forms dorsally the cephalic flexure and 


ventrally the dorsalmost part of the plica encephali ventralis. Fiss V forms in 


the dorsal part of the cerebral tube the so-called isthmus fold. Usually the fissure 
is very sharply delimited and can be followed all around the cerebral tube. Sin V 
shows no special features but is directly comparable with the sinuationes, 
previously described. In the 1.7 mm Homo stage only a neurod V has developed. 

It is very often said in the literature, that the mesencephalon is built up of two 
neuromeres. PALMGREN (1921) thinks that they fuse later on. VON KUPFFER 


‘ 


(1906) on the contrary finds a unitary “‘segmentation” of the mesencephalon. 
SCHAUINSLAND (1903) and RENDAHL (1924) have also found only one mesen- 
cephalic neuromere. 

In the works on the migration regions in the brain by Berceuist & KALLEN 
(1952 a and b) it is found that two transversal migration bands develop ventrally 
in the mesencephalon. In Homo there seems to be a division of neur V into two 
parts probably caused by the migration bands. This fact may be the explana- 


tion to the two mesencephalic “‘neuromeres”, described by so many authors. 


The rhombomeres have not been analysed so closely in this paper as the archen- 
cephalic neuromeres.® In this connexion some notes will also be given in the papers 
by Bercouist & KALLEN (1952 a and b). The present investigation has verified 
the existence of the neuromeres in the caudal part of the cerebral tube, previously 
described by von Kuprrer (1906), GRAPER (1913), HALLER von HALLER- 
STEIN (1934), and others. The conditions in Lepidochelys and Homo have been 
especially studied by the present author. The different rhombomeres are charac- 
terized by fissures and sinuationes, which are developed in principally the same 
way as in the rostral neuromeres. 

Neur II usually develops in later developmental stages. In Lepidochelys it 1s 
not found until the 7 day stage and in Homo first at the 4 mm stage. In Tropi- 
donotus 4 mm and in Homo up to 6.2 mm, it is distinct. In Alligator 2 mm and 
Hipposiderus 2.4 mm it is already marked. In Homo 4 mm stage the fiss V and 
fiss VI form a single, uniform deepening of the external surface, running all 
around the cerebral tube. In its dorsal part the neur VI consistutes the cere- 
bellar plate. According to ADELMANN (1925) this neuromere in Mus musculus 
is "very shallow, sloping gradually to the isthmus”. 

The rest of the rhombomeres are usually best marked laterally and ventrally 
by the fissures. The dorsal parts of the fissures disappear early, because here 


9 See p. 124. 


: 
4 
i 
] 
; 

= 


HARRY BERGQUIST 


root ot 


f the cerebral tube is thinned and develops into a tela chorioidea ven- 
‘uli quarti. The neur I// is related to the ganglion trigemini. Very often it is 
ider than the rest of the neuromeres (ADELMANN, 1925). The ganglion acus- 
tico-faciale lies on a level with the neur 1X. See i.a. Homo 4 mm stage, where 

the otic vesicle is still connected with the epidermis by an ependymal stalk. 
still more rudiments of neuromeres can be visible caudal to the 
A very different number of the rhombomeres has also been described 
the literature.!? lor these rudiments of neuromeres the term neuromero- 

is also suggested, in accordance with the neuromerodes oO. 

LMDAHL (1928), too, has described eight ‘‘segments” in a neural fold 


lus 2 


3.8mm) probably corresponding to the proneuromeres (KALLEN & 


1952)!® at his well-known studies on the development of the neural 
uckens. This also applies to BARTELMEZ (1923), ADELMANN (1925) 


rELMEZ & Evans (1926) who have also found such bulges, called by 


re 
neuromeres aggre gate > 


V. DISCUSSION 


in the introduction, the folding of the cerebral tube has 
in different ways. 


‘theory of Mc CLureE (1890) and others and the view of the 


n between the folding of the brain and the “‘true’” metamery have not 


later investigations. Nor do the results, here published, give 
- such an opinion. 


author thinks that neuromery is more likely a general tendency 


. similar to the ‘“‘segmentation” of colom, the sclerotomes, the 


shown that the neuromeres coincide in position with 

QUIST (1932), RUDEBECK (1945) and KALLEN( 1950) 

ration centres correspond to the centres for the nuclear diffe- 
nigration areas. According to KALLEN (1951 b) this is not the 


tin the cerebral tube, where the hemisperic and the optic evagina- 


ube into an archencephalic and a deutero- 
le by Von FER (1906) and based on morphological 
, has been supported and has been made more significant in recent 


itists in the field of experimental embryology, i1.a. LEHMANN 


(cf. Lehmann: prechordal and deuteroencephalic inductor ) 


literature. ScorTi 
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and ToIvoNnEN (1940), NtEUwKooP (1947). KALLEN ( 1952b) has found 
a sharp morphological division already in the neural grooves into an archen- 
cephalic and a deuteroencephalic part in Mus musculus. The neuromery, how- 
ever, seems me to develop in the same manner in both the archencephalon and the 
deuteroencephalon. 

‘rom a morphogenetic point of view it may be suggested that there possibly 
is a tendency towards a formation of neuromeres in a rostral direction. The neur 
I seems to be developed trom neur ‘I, when the neuroporus rostralis has been 
closed and the rest of the archencephalic neuromeres have been shaped. Still 
later a neurod 0 may be developed from neur I. Ina similar way a clear tendency 
from the optic evagination (neur Il) towards a formation of neuromeres in 2 
caudal direction is present. It has been shown that the neur XIII (neurod XIIT) 
is formed more slowly in the region bordering on the primordial medulla spina- 
lis. JOHNSON (1916) and others mentioned also a neur XIV. The formation 
of neuromeres continues caudalwards to the caudal end of the primordial me- 
dulla spinalis in Homo and Mus (BerG@utst, 1952, KALLEN & LINDsKOG, 
1952)'3. The late development of the neur VI may also be emphasized. In the 


~ 


1.7 
I11—V. The formation of the neuromeres soon reaches its maximum and it is 


mm Homo stage is also shown the anlages of the neuromeres as neurod 


rapidly reduced again by new formative tendencies. (See also point IV: 4 in this 
chapter ). 

Locy’s (1894) opinions on a “‘primary segmentation” have been tested by 
some control investigations on Torpedo,!4 Triturus and Homo. They give a 
negative result. KALLEN & LinpskoG (1952) have analysed the paired bulges 
in the preneuromerical stages, which really are found serially in the neural folds. 
The reader is referred to this paper on that problem. 

III. The investigations reported here have not given any proof for the opi- 
nion, held by van Wine (1883, 1886), Orr (1877), Horrman (1889), and 
others, that the folding is related to the cranial nerves in the rostral part of 
the cerebral tube. The olfactory fila are not comparable with the cranial nerves, 
nor is the fasciculus opticus. No so-called nervus thalamicus has been identified. 
Thus no real cranial nerves are present in the neur I, II, II] or 1V. In the neur V 
the oculomotor nerve protrudes ventrally. But in the caudal part of the cerebral 
tube a pair of cranial nerves come from each transversal band, which in this 
part of the cerebral tube correspond to a neuromere (BERGQUIsT & KALLEN, 
1952 a). 

[V. Important contributions to the discussion on the folds of the cerebral tube 
have been made by MrnALKkovics (1877), FRortEp (1892) and others who 
showed a great variation of the folds. They explained the formations in ques- 

13 Cf. SAETERSDAHL (1952). 


14 The Torpedo stage has been reconstructed by Docent Bertin Wepinx, Lund, who has 
kindly placed it at my disposal. 
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simple mechanical results of the brain flexures.!5 This opinion and the 


conclusion drawn by them that the neuromeres are rather unimportant from a 


logical point of view, are contradicted by the following facts: 


he rhombencephalic neuromery is always observed at the same place. 


2. A rostral (archencephalic) neuromery has been seen by VON KUPFFER 


~McCiure (1800), Near (1808), Hitt (1899), WEBER (1900), GAGE 


06), (1907, 1910), Frtatorr (1908), PALMGREN (1921), WYETH 
124), RENDAHL (1924), ADELMANN (1925), BARTELMEZ & Evans (1926). 
he classical figures in Hocusterrer’s work (1929) show typical fissurae 
neuromericae in Homo situated dorsally in the cerebral tube and to some 
' g ilso laterally, but the author has not described them in the text. The same 
: : in KRaABBE’s (1939—1947) works on reptiles and mammals. In a para- 
sag section from Squalus acanthias, 65 somites stage, published by NEAL 
1898) the neuromeres are very prominent. 
The “segments” that Hiix (180, 1900) observed in living animals and which 
ilso accepted by NEAI 1918) seem to correspond rather well to the 
( res that I-have described in all vertebrates studied. H1Lv’s “segment 2” 
has been divided into a neur II and III and the ventral limits of the 
S ‘segments’ seem to have been slightly dislocated caudally (fig. 30). 
3 idents of experimental embryology CHILp (1921) and DETWILER 
3) denied that the reduced space in the rostralmost part of the head causes 
lding of the cerebral tube in a mechanical way. 
My investigations show a distinct rostral neuromery in early stages in all 
species studied. A great variation has, however, been observed in the 
Il. This fact has been explained by the early development of the optic 
g ion which may soon change the exterior of the neuromere. Also other 
tions, as the hemispherical, hypothalamic, dorsal saccus, paraphyseal, epi 
: nd tectum optic evaginations, and the cerebral flexures cause changes 
e neuromeres. In this manner they soon become indistinct and disappear. 
folds on the external surface of the cerebral tube, called the fissurae 
nterneuromericae (fiss I etc.) are usually distinctly developed and visible all 
( he cerebral tube in stages after the closing of the neuroporus rostralis 
orphological positions are similar in all vertebrates. 
entricular bulges, the sinualiones neuromericae (sin | ete.), often limited 
and caudally by ridges which correspond to the external fissures, can 
so be seen, even if they vary greatly in appearance. 


lies are based on complete embryonal series, cut in different planes 


good orientation of the sections, and extending all over the vertebrate series. 


fferent modes of reconstruction used by the present author—wax-plate 


892) was of the opinion that the neuromeres did exist but that they were best 


tes. Kixncspury & ADELMANN (1924) agreed with this. My investigations 
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Fig. 30. Salmo purpuratus 20 days (31 somites). Right side. The internal side of the en- 
cephalon (= the cerebral tube) is exposed to view. (60 X). (HILL, 1900, fig. 8.) In this figure 
neuromeres are marked 1—11, HILL’s neur 2 seems to comprise my neur II and III. 


reconstructions and graphical reconstructions—and the comparisons with the 
models of other investigators (tables I—VI), have also contributed to a more 
complete morphogenetic and comparative anatomical survey of this problem. 

‘rom this investigation it is concluded that the newromeres are of a great mor- 
phological constancy and can be compared all through the vertebrate series in 
the same way as the fasciculus opticus, the hemispheric evagination, the hypo- 
thalamic region, the tectum opticum ete. 

V. Varying opinions exist regarding the previously accepted vesiculation of 
the cerebral tube. Some authors now think that the vesiculation is preceded by a 
neuromery. (The reader is referred to von Kuprrer’s, 1906, survey on the lite- 
rature on neuromery ). Other authors have shown the existence of enlargements 
already in the neural folds. These were called “primary vesicles”, as. prosen- 
cephalon etc. (BARTELMEZ, 1923, and BARTELMEZ & Evans, 1926, and others). 


Different views are also held of the number of the “primary vesicles”. According 


to VON Kuprrer there are two present, according to TANDLER & FLEIssiG 
(i915) and BAKER & GRAVEs (1923) and others there are three, and according 
to BARTELMEZ (1923) and others there are five. The three caudal ones, however, 
represent rhombomeres. (Cf. also KALLEN & Linpskoc, 1952). To KUHLEN- 
BECK (1936 etc.) I will return in my investigation, 1953 a. 

in accordance with the results discussed in this chapter, (mom. IV, point 3), 
a great number of dilatations are present in the rostral part of the cerebral tube. 
They always develop after the neuromeres with the exception of the optic 
evagination, Later on in the ontogeny the topography of the brain changes 
so much that it is not possible to distinguish a three-vesicle stage and later 
on a five-vesicle stage with these dilatations as a basis. These results are there- 
fore partly in conflict with the usually accepted opinion in the literatur. 

The neuromery on the contrary appears to be of great importance for the 


understanding of the further development of the brain tube. This is also valid 
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for the budding centers of the brain nuclei, called ‘“‘migration areas”’. 
the place of the neuromeres already in the early ontogenesis (cf. fig. 12). The 


neuromeres as well as the migration areas are found in the entire vertebrate 


es and they have always the same morphological position in the cerebral 


ube. For this reason the neuromeres and the migration areas must be accorded 
greater comparative-morphological value than the ‘vesicles’. (BERGQUIST, 1932, 
KALLEN, 1950—1951 a—b, Bercguist & KALLEN, 1952 a—b). 

(he question of the number of neuromeres which constitute the different 


brain vesicles therefore seems me to be of chiefly historical interest. In prin- 
iple the neurod 0 and the neur I seem to give rise to the telencephalon and 
Il, Iff and IV to the diencephalon (cf. also HILL, 1900, GAGE, 1906, 
alone forms the 


INSLAND, 1903 and RENDAHL, 1924). The neur V 


mesencephalon (see p. 169), and the neur VI develops dorsally to the cerebellar 


late while the rest of the rhombomeres form the medulla oblongata. 


VI. SUMMARY 


After a study of complete series from different species with various methods 
reconstruction, the following results have been obtained: 

hologically equivalent neuromeres in the cerebral tube have been 
in the entire vertebrate series. 
the closing of the neural 


uronieres are Tormed wimediately after le 


yrevious the closing of the neuroporus rostralis | the anterior 
They are rather often preceded by neuromeric rudiments, so-called 


Ss (neurods ). 


- the closing of the neuropore the formation of the newromeres may 
stralwards, where the first (telencephalic) neuromere (neur 1) may 
fron 


the optic evagination (neur I1). A neuromerodes 0 (neurod 


ned from this neuromere. /n a caudal direction are devel 

ore towards the primordial medulla spinalis. There are 
more neuromeres caudally to the end of the spinal cord. 
(if the neurod 0 is included six) and eight 


nhomeres) have been 


fissures, here called fissurae 
ulges on the ventricular surface, 
res often correspond to ridges 


Ssurtace. 
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7. No relations between the cranial nerves and the neuromeres in the rostral 
part of the cerebral tube seem to exist, as in the caudal part. 


8. Contrary to the usual opinion on the vesiculation of the cerebral tube, 


the neuromeres and the “migration areas” are emphasized for their great im- 


portance for the later development in the ontogenesis of the cerebral tube. The 
neuromeres and the ‘migration areas” are also accorded great morphogenetic 
importance in the entire vertebrate series. 
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Vil. LIST OF ABBREVIATIONS 


a.com.c. area commissurae caudalis (post- créte neurale, Neuralleiste, Kopf- und 
erioris) Spinalganglienleiste. Ref. to Horstadius, 
a.c.th. area caudalis thalami 1950) 
a.com.post. area commissurae posterioris (ca-  cup.opt. cupula optica (= optic cup, Augen- 
udalis) becher) 
a.d.tel. area dorsalis telencephali deuteroenc. deuteroencephalon 
a.m.-e.th. area medialis + caudalis thalami ductul.opt. ductulus opticus (= lumen of 
a.(prae)opt. area (prae)optica optic stalk. See also ped.opt) 
a.yr.th. area rostralis thalami epiderm.stalk epidermal stalk (see p. 161) 
a.v.tel. area ventralis telencephali evag.hem. evaginatio hemisphaerica (= he- 
bulb.olf. bulbus olfactorius (= _ olfactory mispheric evagination, cerebral vesicle) 
bulb, bulbe olfactif) evag.opt. evaginatio optica (= optic evagina- 
bursa R. bursa Rathkeis (= Rathke’s pocket, tion) 
R:s pouch, R:sche Tasche) evag.tect.opt. evaginatio tecti optici 
bursa Sees. bursa Seesselis (= Seessel’s fil.olf. fila olfactoria (= olfactory files, 
pocket) olfactory “nerve’’) 
ch.opt. chiasma fasciculorum opticorum  fiss o fissura interneuromerica 
(= optic chiasma) fiss I fissura interneuromerica I [= sulcus 
chord. chorda dorsalis (= notochord) telodiencephalicus (Locy, 1804), sulcus 
con.opt. conus opticus [= “Augenblasenstiel di-telencephalicus (von Kupffer, 1906, 
mit einem erweiterten Ansatzstuck, dem and others), fissura_ tel-parencephalica 
sogenannten Stielconus (Clara, 1940) | (Rendahl, 1924), sulcus hemisphaericus, 


crista neur. crista neuralis (= neural crest, the first external groove -( Hill, 1899), in- 
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transverse fissure of — hyp. hypothalamus 

cerebrale de Bichat, isthm. isthmus rhombencephali. See also 
fiss V 

II [= fis- lam.cerebel. lamina cerebelli (= cerebellar 

“Segment plate, Kleinhirnplatte) 

(Rendahl, ‘im.* the external limit between a.r.th. and 
a.(prae)opt. 

nerica III [= sul- 


praciana 


lumen 
(Locy, 1894), fis- ( 


praemandibulare 
—=premandibular cavity, Praemandibular- 


ol 


(Rendahl, 1924), hohle. Wedin, 1949 b) 


med.spin.prim, medulla spinalis (primordial) 


men mcco-phar 


-omerica IV [= sul 


us 


membrana bucco-pharyn 
is (Locy, 18904), 


(= oral plate, bucco-pharyngeal 
membrane) 
WJ. the 

sulcus nervus oculomotorius 
1894), plica neur I 


1899), f 


picture is made as a mirror-i 


XII neuromeres primum — secun- 


first to the thirteenth 


is- lumdecium (= the 
(von 

See neuromerodes oO 

I, XIII, neuromerodes I, 
V, XIII 


‘uroporus rostr 


nante- 


nordium 


a)] 


rantia dorso-ventralis 


protuberantia thalami- 


recessus mammillaris 
pt recessus stoptrcus 


/ 
eure eric ciett, 
the cerebrum, tente 
interneuromerale Fy 
// tissura interne 
sura interparencep 
rarer 
124) | 
fii tissura interneul 
1s S¢ epnalica 
Scheitelfurche (His, 1888)] 
tissura interneur 
1 
Is prosenmesencephalx 
lissura syn-mesencephalica 
321 and Rendahl, 1924) ] 
j fissura interneuromerica \ 
mesorhombencephalicus (Locy, T 
JOLe 
esencephalica (Hill, 343 
sencepha 
lTa allCa 4 ) 
fer, 1906, Palmgren, 1921 a ; : 
hor. fissurz orioidea (chorioideal fis rior, anterior neuropore ) 
cre parapfi paraphysis 
‘ exura parietalis cephaly Ped.opt. peduncuius opticus (optic stalk, 
lexure, Scheitelbeuge) \ugenbecherstiel) 
] } , ] j ‘ 1 
Pin. erepr spinalis nu- ] en placodes lentis lens placode) 
xure, Nackenbeuge) plac.nas piac.olf. (part.) 
tlex.pont. tlexura pontis pontine tlexure, pid peacodes Olfactorium 
ruckenbeuge) piacodes, nasal placode) 
1 ilamica (Bergquist, Plica enc.v. plica encephall ventralis 
Varai 
j fovea placodis nasalis groove prim.cerevel. primordium cerebellare 
I nas primordium ot cerebellum ) 
cang rigemini pri rau epiphysis primor 
prim.hyp. primordium hypothalami 
ha gang n habenulae habenular primient. primordium tentis primordium 
ganglion ot lens) 
raph.rec. graphic reconstruction of ex- protub. I—XIII protuberantia neuromeris 
ter: rs surtace ot the cerebral tube I—XIII [protub = di-telencephalic 
raph. graphic reconstruction of ey ridge (Kallén, 
terno-lateral surface of the cerebral tube protub.d-v.tel. prot) 
graj recons ictio Or Lelence pi all 
terno-ventral surface of the cerebral tube protub.thal-hypothal. 
raph.reci. graphic reconstruction of inter hypothalami 
] rehral tithe - ] 991/71 
su e ot the cerebral tube (= la rec.man 
teral ventricular surface) rec.post 
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rec.pracopt. recessus praeopticus 

rec.sacc.nf. recessus sacci infundibuli 

reg.com.c, regio commissurae posterioris (ca- 
udalis) = a.comn.c. 

rhombenc. rhombencephalon 


sacc.inf, saccus infundibuli (Wingstrand, 
1951), [=primitive infundibulum (Adel- 


mann, 1925) | 

sin O sinuatio neuromerica o 

sin I sinuatio neuromerica I [(— dorsal part 
of sulcus intraencephalicus anterior (von 
Kupffer, 1906, Rudebeck, 1945 a.0.) by 
amphibians others, 

groove (Kallén, 1951 a) | 


hemispheric 


sin IT sinuatio neuromerica II [=the head 
part of sulcus intraencephalicus anterior 
(von Kupffer, 1906, Rudebeck, 1945 and 
others), optic groove (Kallén, 1951 a) | 

sin ITT sinuatio neuromerica III [= sulcus 
parencephalicus (von Kupffer, 1906) | 

sin IV’ sinuatio neuromerica 

sin I” sinuatio neuromerica V [= a part of 
sulcus intraencephalicus posterior (von 
Kupffer, 1906.0.) 

sin VI—XI1II sinuationes neuromericae VI— 


XIII 


Strat.matr, stratum matricis (= mantle layer 
or zone, gray matter, ventricular gray, 
Mantelzone, Matrixschicht, Keimschicht, 
Hohlengrau, Grundgrau) 

Strat.con, stratum zonale (= marginal layer 
or zone, Randschleier) 

synenc. synencephalon 

tela chor. IV tela chorioidea ventriculi quarti 

tub.man, tuberculum mammillare [= proces- 
sus mammillaris (His, 1888) | 

tub.post. tuberculum posterius 

wax-pl.-rec. wax-plate reconstruction of the 
cerebral tube 

wax-pl.rec.e.d. wax-plate reconstruction of 
the externo-dorsal 
bral tube 

wax-pl.rec.e.l. wax-plate reconstruction of 
the externo-lateral surface of 
bral tube 


surface of the cere- 


the cere- 


wax-pl.rec.i. wax-plate reconstruction of the 
internal surface of the cerebral tube 
(= lateral ventricular surface) 

vel.transv. velum transversum. See also fiss I 

ves.aud, vesicula 
Ohrblase) 


ves.opt. vesicula optica (= optic vesicle, vesi- 


auditiva (otic vesicle, 


cule optique primaire, Augenblase) 
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STUDIES ON THE CEREBRAL TUBE IN VERTEBRATES 


TABLES I—VI 


ORIENTATION OF SECTIONS: 


Abbreviations: 


Age: d = days; h = hours; S = sagittal; T = transversal; H = horizontal; Part of cere- 
bral tube: 1 = left; r = right. 

Material from: G = The Institute of Anatomy, Medical School, Gothenburg; L = The 
Tornblad-Institute for Comparative Embryology, University of Lund; S = The Zootomical 
Institute, University of Stockholm; UA = The Anatomical Institution, University of Upp- 
sala; UZ = The Zoological Institution, University of Uppsala. 


Apart from the material listed below other series have been studied, but they have not 
been listed as they were of minor importance for this study. 


* The reconstruction was made by Docent Bengt Kallén, Lund; ° the reconstruction has 
been reproduced as a mirror-image; %!—2 the reconstruction was made by Professor David 
E. Holmdahl, Uppsala, for another purpose (1934—40). 


2 
Ses 
6s 


Part 
| Mag- | Mate- 
Reconstructions nifica-| rial 
rebral 
| tion | from 
in mi- tube 


crons 


Petromyzon fluviatilis 
5 wax-pl.rec.e.1.* and 1. 
10 
wax-pl.rec.i.* 
{wax-pl.rec.e.1.* and 1 
(wax-pLrec.e.l. and 1 
wax-plrec.e.1.* 


hinus canicula 


us acantitias 


grapl rec.e 


wax-pl.rec.e 


graph rec.¢ 


Lepisosteus sp 


wax-plrec 


Wax- 


araagdoxus 


Cyprinus carpio 
10 wax-pl.rec.e.1.* 
10 wax-pl.rec.e.1 


10 wax-pl. and 
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TABLE ] Fishes 
, 
3 5 6 7 9 
ick 
Orien- 
otal Head sation 
} 1 ation 
\ge engu length 
ot sec- 
in mn in mn >. 
tions 
— 
| 
| 
| 
4 400 L | 
4.5 T L | 7 
5 l 400 is 
| 
20d 6.5 | 
7-5 I r 400 
| 
r 300 i 
Q.2 r 400 
ie 
2.5 i S 22 
7 > | 40672 
y | 7 graph.rec.e.l.° and 1 r 35 S | _ 
T 
0.5 8 and l 50 
2.5 | S graph.rec.e.l.° and 1 r 25 S a 
r 
18 T 10 wax-pl.rec.* r 75 
Torpedo ocellata 
6.5 T 0) |.* 150 L 
| 
3 wax-pl.rec.e.1.* and r 100 
17 | 10 
9.5 0D) r 200 L 
14.5 10 and i r 200 
10 | {wax-pl.rec.e.l. and 1 r 75 | 
6.0 ] and 1. r 400 L 
0.2 and 1 300 L 
0.5 1 | 40) L 
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TABLE II. Amphibians 


| 
Thick-| 

|Orien-| ness | 
| Total Head | Mag- | Mate- 
| Age length | length| tation | Of Reconstructions | Mifica-| rial 
| tion | from 
| 


In mm in mm} | 
| 


in mi- | 


| tions | 


crons 


Necturus maculatus 
8 | graph.rec.e.l.° and i. 


8 graph.rec.e.l.° and 1. 

Triturus alpestre 

6) | 


Pelobates fuscus 


graph.rec.e.l.° and 1. 


Rana temporaria 
10 graph.rec.i.* 
10 | graph.rec.i.* 
wax-plLrec.e.l.° and i. 
graph.rec.1. 
graph.rec.i. 


graph.rec.i. 


Ambystoma sp. 


| wax-pl.rec.e.l. and i. 


| wax-plrec.e.l.* and i. 


3 
183 
= 
| 
— 
5.19 | = S 
— I 8 | | 
| er. 10) — | — 50 | | 
5-3 | 200 | L 
| H | — | G 
| | 10 | 
— = G 
so | L 
6 
ge 
“ak 
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Reptiles 


5 

hick- 

, Orien-| ness Part 
Head 

tation | of sec- . of ce- 
of sec-| tions rebra 
tions | in mi- tube 

crons 


| 
Mag- | Mate- 
nifica-| rial 
tion | from 


lens 
in mm 


Lepidochelys olivacea 
rec.e.l.,° e.d., ev. 


rec.e.].° and 1. 


rec.e.]. and 1 


raph rec.e.l. and 1. 


Swarr 


S 
> 


{wax-pl.rec.e.1.* and 1 
\graph.rec.i.* 


Cirysemys margi 


graph.rec.e.l. and 1 


serpentina 


wa 
> 
rABLE Ill 
arg 
| 
4d 6 I cr | s 
and | | 
sd — 6 graph). r | 
Od 5.5 — graph.rec.e.l.° and 1. r 02.5 
| 7d — I 10 — — | | 
= | . 
7d 8.5 | & grap) r 62.5 | 
2 1 ‘a 
Rd 9 I 6 r 41 | 
| 41 
10 10 - - 
| 
| 
11 = 10 | 
od 1] I graph.rec.e.l. and 1. r 31 
a od 10 I 8 graph.rec.e.l. and 1. r 31 a 
od H 
11d I graph.rec.e.l. and 1 r 3l 
we 
Chrysemys picta 
3 4 (1) ] 10 wax-pl.rec.e.].* and 1. ] 200 L 
T I I 
6.5 I 10 r 200 
: 1.6 I 10 - : » 
4 1.0 10 - - S 
1.6 10 - > 
Chei\dro 
( 4 ] 10 | 
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TABLE III. (continuation) Reptiles 


IN VERTEBRATES 


| 
| 2 | 3 | 5 | 6 | 7 | 8 | 9 
| Thick- | | 
Orien-| ness art | 
Total Head | Ming: | Mate- 
« . i¢ - 

Age length | length| Reconstructions nifica-| rial 
of sec-| tions rebral P 
| tion | from 

tions | in mi- tube | 
crons 
| 

Lacerta sp. 
10 wax-pl.rec.e.].* and i. r | 150 L 
I 
| fwax-pl.rec.e.1.* and 1. r 150 I 
\wax-pl.rec.e.1.° and i. ets 100 
| 

Chamaeleon sp. 


Gonatodes candians 


| 6 | an ae S 
Chalcides tridactylus 


10 
10 | 
10 
10 
10 


Alligator MISSISSIP Plensis 


3—4d 2 — | § | 10 wax-pl.rec.e.l. and e.d. 1 | wo | L 
| | | (model by Wedin, 1949a, | 
| | | fig. 1) | | | 
6 | | 10 | wax-plrec.e.l.* and i. 100 | L 
— 8 | — | Tf | 10 | wax-pl.rec.e.1.* and 1. r | ICO | L | 
— 1 | — | T 15 | wax-pl.rec.el.* and i. | r | 6 | L | 
Tropidonotus natrix 
— | 4 — | T 10 wax-plrec.e.l.° and i. toe | 


“ABLE 


3irds 


9 


| Thick-| 


| 
|Orien-| ness | Part | 
Total Head Mate- | 
tation | of sec- : lof ce- | : | 
Age length length Reconstructions | nifice rial | 
of sec-| tions rebral 


| 
tions | in mi-| | tube 


in mm in mm | tion from 


Columba livia 
| 7 | — T | 10 | wax-pl.rec.e.l.* and i.° 
Gallus domesticus 


10 — | 
wax-pl.rec.e.l. and i. r 50 


|_| 

| 

5 — — | I 
| = | | 

| | kT | | 

— | 2.21 — | T | S | 

— | 2.78 — | I S : 

I 2 | 3 | 4 | 6 | 7 8 | 

— 

| 

| 
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Mammals 


5 


Thick- 
Orien-| ness 
Head Mag- 
tation sec- 


length Reconstructions 
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FOOTH OF SINANTAROFPCUS 
PEKINENSTIS BLACK 
BY 
OTTO ZDANSKY 


At the request of Prof. P. THorsLtunp, Head of the Inst. of Palaeontology, 
University of Upsala, the author has undertaken the re-examination of certain 
cases of Chinese fossils mainly of the author’s own collecting which had been 
considered to contain exclusively duplicates not worth final preparation. During 
this work a tooth of Sinanthropus pekinensis BLACK, overlooked previously, 
has come to light. Although no new scientific information is provided it might 
be found excusable if this tooth is briefly described, inasmuch as remains 
of this form have always been something of a rarity and, furthermore, to the 
best of the author’s information all the material which had been kept in 
Peking has been lost during the Sino-Japanese war. Thus only the two teeth 
originally described by the author (1927)! and belonging to the Palaeont. 
Inst. at Upsala and the newly discovered tooth are available.? The author wishes 
to express his gratitude to Prof. P. THorsLunp for the permission to describe 
the new specimen. 

The tooth comes from the now well-known cave at Chou-K’ou-Tien, the 
iype-, and only, locality for Sinanthropus. The specimen is fairly worn, slight- 
ly less than WEIDENREICH’S® (1937) no. 93, but considerably more so than the 
other P, figured by this author. Otherwise the crown is perfectly preserved 
with the exception of a tiny chip of enamel from the postero-buccal corner of 
the masticatory surface. This defect is not due to preparation. The root is less 
well preserved. Its very tip is missing and the flank of the root has been 
damaged prior to fossilization. Thus, at the buccal side, starting 4 1/2 mms 
below the lower boundary of the enamel only the anterior half of the surface 
is preserved, while on the posterior (WEIDENREICH’s distal) side the damaged 
portion is bordered by an irregular oblique line running towards the postero- 
lingual extremity of the root. 

The buccal cingulum described by WeEIDENREICH (L.c., pp. 43 & 48) is not 
conspicuous, but the ascending ridges mentioned by this author are well devel- 


oped. In the occlusal view the outline of the crown is influenced by the facets 


1 Zpansky, O., Preliminary Notice on Two Teeth of a Hominid from a cave in 
Chihli (China). Bull. Geol. Soc. China, vol. 5, no. 3—4, pp. 279—283. 

2 According to a recent news-item in the daily papers new material of Sinanthropus has 
been secured in China. Similar sources tell of communist insinuations that the Peking 
collections of Stnanthropus have been transferred to the U.S.A. 

3 WEIDENREICH, Fr., The Dentition of Sinanthropus pekinensis: A comparative odonto- 
graphy of the hominids. Pal. Sin. ser. D. no. 1. (Whole series no. 101.) 
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A NEW TOOTH OF SINANTHROPUS PEKINENSIS Brack 


after a course of another 31/2 mms divides the buccal third of the buccal 
section of the root from the rest. It appears to be entirely accidental. 

The author admits to be somewhat at a loss with regard to the question 
whether the tooth should be determined as P3 or P4!. The study of WEIDEN- 
REICH’s monograph reveals a considerable variation in both these teeth and 
certain specimens referred to as third and fourth premolars respectively, appear 
remarkably similar (Cf. pl. XII, figs. 96 & 98 and pl. X, figs. 80 & 83). 
A comparison of the tables of measurements in WEIDENREICH is not very 
elucidative in this respect. Neither do the figures contained therein convey a 
very definite idea regarding the differences in size upon wich WEIDENREICH 
has based his distribution of the teeth between male and female individuals. 

As in the specimen at hand length and breadth of the root could be safely 
determined these dimensions might be expected to give some guidance. But the 
study of the values given by WeIDENREICH (Le., pp. 44 & 49) shows them 
to be much too variable to provide a safe base for distinction. The value for 
what this author terms ‘‘robustness of the roots” (1.c., Atlas, p. 84) 1s 56 for 
both Ps and Py. The extreme values differ from the mean by —18 % and 
+16 % for Ps, and —20.5 % and +11.5 % for Ps. Nevertheless, the absolute 
values for maximum and minimum do not differ materially for the two types 
of teeth. For the newly discovered tooth the value for the robustness of the 
root lies at 63, i.e. near the upper limit. 

While, thus, the available measurements do not help towards the identifica- 
tion of the tooth as either P3 or Ps, yet the author is inclined to consider it 
rather as a P4, as in Ps the lingual cusp does not occupy the antero-lingual cor- 
ner of the masticatory surface, but stands nearer the middle of the inner 
boundary of the crown. (Cf. WEIDENREICH, Lc., figs. 79, 80, 83, 84 & 87). In 
the present specimen, on the other hand, this corner seems to have been occupied 
by a distinct cusp and in this respect there is better agreement with the pattern 
of Py. (Cf. WeEIDENREICH, Le., figs. 96 & 98.) 


TABLE OF MEASUREMENTS 


After WEIDENREICH, 1937 | 


29 |No. 30| No. 89 No.90|No. 91!No.92|No. 93 
| Q Q a | | Q 


height (S90) 1 83 +064) 6.5 | 7.3 |(64) | — (6.7) | 
| 


A 
A 


| | 
crown length (8.5) O2 | -&7 | 8.2 (9.9*)} 9.0 | 85 | — 8.7 


breadth 10.1 | GO 9.8 11.0 8.2 10.9 | 


height 
root length 6.9 6.3 57 | 62 |) 6S 6.1 


breadth 9.3 78 | — 9.2 9.6 | — || 


1 The author prefers to use the symbols currently adopted by palaeontologists, thus 
differing in this respect from WEIDENREICH. 
* Greatest length of the crown. 
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STUDIES ON THE ORIGIN OF 
APPARENT GENE MUTATIONS IN 
DROSOPHILA MELANOGASTER 
BY 


K. G. LUNING 


(Institute of Genetics, University of Stockholm, Stockholm, Sweden.) 


I. Introduction 

Il. Material and methods 

A. Induction of yellow, white and singed mutations in wild type X chromosomes 
B. Induction of sexlinked recessive lethals 
C. Yellow mutations in the scS! B InS w@ sc’ chromosomes 

IV. Discussion 

Summary 
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I. INTRODUCTION. 


One of the main problems of genetics is whether apparent gene mutations 
(visibles and recessive lethals) are intragenic changes and / or due to rear- 
rangements of the chromosome material, intergenic changes (MULLER, PROKO- 


FYEVA and RAFFEL, 1935). The latter opinion is based on the extension of the 


“position effect”, principle introduced by STURTEVANT (1925), to explain his 


discovery that two Bar “genes” in Drosophila melanogaster reduce the eye- 
facet number to a different degree if they are located in one chromosome com- 
pared with the reduction when they are located in two homologue. MULLER and 
ALTENBURG (1930) observed that the majority of translocations were lethal when 
homozygous. One of the possible explanations presented is that alterations in 
the surroundings of the genes brought about changes in their action. DoBZHANSKY 
and STURTEVANT (1932) and DUBININ and S1porov (1934) in further investiga- 
tions of this problem concluded that there were changes in the gene propinquities 
which were responsible for the effect. MULLER and PRoKoFYEVA (1935) and 
Mutter, Prokoryeva and RAFFEL (1935) obtained definite evidence of the 
corrrectness of the ‘position effect” interpretation through studies of rearrange- 
ments involving scute locus. It was observed that not only gross rearrangements 
but also minute ones could produce ‘‘position effect”. Thus the question was 
raised what proportion of apparent gene mutations are only intergenic “position 


effect” rather than intragenic changes? GOLDSCHMIDT (1938 and later) has 


i3 A. Z. 1952 Acta Zoologica 1052. Bd. XXXII, 
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yellow, white and singed mutations and hyperploid males in X-chromosomes 
from the B InS w*sc’ (MuLLER-5, M5) stock. The various matings are 
described in connection with the different experiments. 

The method used to detect visible mutations was as follows: the irradiated 
males were mated to females homozygous for some marker genes, viz. yw sn 
or y w*. The I; daughters were examined and counted. There appeared some 
aberrant individuals which were phenotypical yellow, white or singed They 
were listed as visible mutations and were further tested in most series.—The 
recessive lethals were detected by the MuLLer-5 technique (SpENCER and 
STERN, 1948). 

Stocks and cultures were reared on yeast suspension as described by the 
author (1952). They were kept in incubator at 25° + 1° C, 

Irradiations were made at the Radiophysical Institute with a Siemens Stabili- 
volt apparatus of 155 kV, 6 mA and 1 mm Al, The doses were 960 r (2 min.) 


r (3 min.), 3840 r (8 min.) and 4320 r (g min.) 


Il. RESULTS. 


A. Induction of yellow, white and singed mutations in wild tvpe X chromosomes. 


In the previous paper (LUNING, 1952) it was shown that the rates of yellow, 
white and singed mutations taken together differed slightly in spermatozoa 
inseminated in the two periods 1—6 and 7—10 days after treatment. It was, 
however, not possible to draw any conclusions from this difference. To in- 
vestigate this difference further experiments were carried out. 

Wild type males of the Oregon stock were irradiated at an age of 0—1 day 
with 960 r and subsequently mated to virgin females. In some series y w sn 


females were used. Later y scS! InS w* sc’ females were used. This stock was 
produced from an individual which occured in another experiment mentioned 


below, p. 20. It is a Muller-5 chromosome in which a viable yellow mutations 


was induced and later Bar reverted to normal. This stock was briefly namned 


W5ry (Muller-5 with round eyes and yellow body). Primarily the intention 
Was to test the mutants as regards their viability. By using the \/s5ry stock 
the possibility of a contamination of the induced mutation with the marker 
genes was excluded almost entirely. Unfortunately about half of all mutants 
gave no offspring. It was later found that this high sterility was not only due 
to the mutants but to a considerable degree to the 1/s5ry males (brothers with 
which the mutants had been mated), which were partially sterile. This is now 
being further examined. In all cases which gave offspring the mutant character 
appeared. The number of mutants tested is too small to give any indication of a 
possible difference in the viability in connection with visible mutations induced 
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there is a summation of all series. This is permissible as males from the same 
wild type stock have been used in all series. 

Comparing the results of individual loci one sees immediately that no diffe- 
rence was established in the rates of yellow mutations in the two periods 1—6 
and 7—10 days after treatment. Comparison of the corresponding rates of 
white mutations shows, however, a significant difference, P < 0.001. (By use 
of the so called angular transformation method, FiscHer and YarTes, 1949.). 
The ratio between the rates of white mutations is 1.79:0.71 = 2.5. If there 
had been a direct correspondence between the rates of induced breaks and 
white mutations one would obtain a frequency of white mutations in the period 
7—10 days after treatment of about 4 times (LUNING, 1952) that in the period 
I—6 days, 4 X 0.71 + 1074 = 2.84: 10~4. The observed frequency (1.79 10~4) 
is, however, significantly lower than the above hypothetical frequency, 
0.01 > P > 0.oo1, It may be concluded that when the rates of breaks are in- 
creased by irradiating various stages of spermiogenesis, there is a significant 
increase in the rates of white mutations but this does not correspond directly 
to the rates of breaks. 

In my previous paper (1952) I concluded from the lack of gynandromorphs 
among the offspring from females fertilized by spermatozoa inseminated I1 or 
more days after treatment, that these had been irradiated in meiotic or premeiotic 
stages. In the material presented, Ser. 74, no gene mutations (y, w or sn) 
appeared. It was consequently of interest to extend the experiments to obtain any 
possible mutations, TIMOFEEFF—RESSOVSKY (1937) and others have investiga- 
ted the problem of induced mutations in mature and immature spermatozoa 
using sexlinked lethals and visibles, and lethals in the II chromosome. 
TIMOFEEFF—REssovsky, combining data from various authors, concluded that 
the rates of sexlinked visibles and lethals in the Il chromosome in immature 
germ cells are 60 % of those in mature germ cells. For sexlinked lethals the 
percentage was much lower, 18.1. The data presented in the present investigation, 
covering a period of 11—18 days after treatment, show a very low rate of 
yellow mutations and an even lower rate of white mutations, both significantly 


lower than the corresponding rates in the period 1—6 days after treatment. 


B. Induction of sexlinked recessive lethals. 


According to Lea and CATCHESIDE (1945) and HerskowItz (1946) recessive 
lethals are due to chromosome breaks. They supposed that the lethal mutations 
were caused by the process of breakage itself and not by position effect follow- 
ing rearrangement. They further supposed that lethals not associated with obser- 
vable rearrangements were due to breaks that had restituted in the original order. 
HerskowITz (1951) has reinvestigated the problem and concluded that there 


might be three origins of recessive lethals: “point mutations, independent of 
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3 times that of the former (Ser. 149). A comparison between the rates of 
recessive lethals in these two series gives an underestimation of the actual dif- 
ference when the rates of breaks are the same in the two periods. 

I*rom Table 2 we may now conclude that significantly more recessive lethals 
are induced in spermatozoa inseminated 7—10 days after treatment than in 
those inseminated 1—6 days after treatment, P < 0.001, (Ser. 149: 5.14 % vs. 
Ser. 148: 2.97 %), and that, in spite of a higher rate of breaks, the rate of 
recessive lethals is significantly lower than in spermatozoa inseminated 1—6 
days after treatment but given a dose 3 times greater that in the former series. 
0.01 > P > 0.01, (Ser. 149: 5.14 % vs. Ser. 159: 8.40 %). 

The results corresponds directly to that obtained for white mutations in the 
previous section. 

Harris (1929) and TimMoreeErFrF—ReEssovsky (1931) studied the variation 
in the rate of recessive lethals in various periods after treatment. Their mating 
periods were chosen arbitrarily, viz. Harris: 1—4, 4—8,... 20—24; Trwo- 
FEEFF—RESSOVSKY: I —10, ... 25—30. Comparing the results in the Ist 
and 2nd mating periods in these experiments one finds that the rates are 
higher in the 2nd periods but not significantly. Thus these results point in the 
same direction as those presented here. The cause of the smaller difference 
is firstly, that the mating periods do not correspond directly to the varying 
sensitivity in different stages of spermiogenesis and secondly, that males more 


than 2 days old might have been irradiated with a subsequent minor difference 


in the rates of breaks in the two periods concerned, LUNING, 1952. 


Yellow mutations in the ses! B InS w* sc’ chromosomes. 


PATTERSON (1933), Stporov (1936), BeLGovsKy (1938, 1939) and others 
reported that when irradiating males of the sc’ stock and mating them to y 
females (which also contained other marker genes) there appeared a very high 
rate of yellow daughters among the offspring. PATTERSON supposed that they 
were due to loss of the end of the sc’ chromosome which was thus deficient in 
yellow locus. Siporov showed that most yellow mutations were also achacte 
mutations. Most of these “double” mutations were lethals. He assumed that 
y ac mutations were due to changes in the structure of the genes which have 
become unstable owing to alterations of their position in the system. BELGovsKy 
showed by a genetical test that ‘simple breaks” (loss of the distal end) could 
not be the cause of the high rate of yellow mutations. He also discussed SmpoRov’s 


5 


explanation of the high rate of yellow and achaete mutations in the sc> chromo- 
somes and found it not fully acceptable as most cases were both yellow and 
achaete. He supposed instead that the simultaneous change in two adjacent loci 
was more likely explained by change in position of both loci as a result of 


some rearrangement. This explanation was based on the statement of MULLER, 


7 
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TABLE 3 


| singed) mutations and hyperploid males among the progeny from crosses 

les to scS? B InS w@ sc8 (M5) males in controls or irradiated with 960 r or 

iles given 960 r were transferred to new virgin females at the 7th day after 
treatment. 


Hyper- 

Total ploid males 
lays after | Fidaughters | < Abs. | Abs. | Abs. per 
reatment nr nr 104 


white | singed | 


FYEVA and RAFFEL (1935) suggested that minute rearrangements may 
ame effect as proper gene mutations, PRokKOFYEVA—BELGOVSKAIA 
cytologically that there was no loss of the distal end of 
me in cases which were thought to be due to “‘simple breaks” 
kinds of rearrangements. RAFFEL (1939) demonstrated 
the extreme tip of the sc’ chromosome in some of 

WSKY's cases was not lost. 


's explanation of the high rate of yellow mutations in the sc‘ 
ems thus to be well founded, It gives an excellent means of 


problem mentioned in the introduction about the connection 


mutations and chromosome breaks. In the two previous 


le 


ita are given indicating that the rates of neither 


mutations nor recessive lethals increase in the same propor- 


breaks when spermatozoa inseminated in the 1st—6th 
are compared. In the case of 
also in the sc?’ (BrLGovsky, 1938) 


is strongly indicated that they are due to minute rearrange- 


is consequently of great interest to study the possible variation in the 
f aberrations in spermatozoa inseminated 1—6 and 7—10 


this four series were carried out. In these o—1 


re used and mated to virgin y w sn females. 


old 75 males were mated to virgin y w sn 


were irradiated with 960 r and immediately 


sn temales. 
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Ser, 155. o—1 day old 1/5 males were irradiated with 3840 r and immediately 
mated to virgin y w sn females. They were discarded on the 7th day 
after treatment. 


The normal offspring from these matings were phenotypically heterozygous 


Bar and light apricot females and yellow white singed males. The same types of 


aberrations were observed as in the previous experiments when wild type males 
Were irradiated, viz. yellow, white and singed mutants, gynandromorphs and 
hyperploid males (LUNING, 1952, p. 324, fig. 1). In the present series only 
yellow, white and singed mutants and hyperploid males are listed. The results 
are presented in Table 3. 

The yellow, white and singed mutants from Ser, 152, 137 and 138 were mated 
to their brothers. Here only the results of yellow mutants are mentioned. The 
only case in Ser. 152 was sterile. Among the 8 cases in Ser. 137 four were fertile, 
all of them lethals. In Ser. 138 sixteen were fertile, all but one lethals. The only 
non-lethal case was the origin of a stock (./5ry) used in some of the experi- 
ments mentioned above, p. 195. 

When studying Table 3 one observes that the rate of yellow mutations is 
many times greater than that of white and singed mutations. The frequencies 
of the two latter are of about the same magnitude as those induced in the wild 
type chromosomes with the corresponding doses. 

The purpose of the present experiments was to study the variation in the 
rates of yellow mutations in the mating periods 1—6 and 7—10 days after 
treatment (Ser. 137 and 138). There is a significant difference, P < 0.001. 
The ratio between the rates of yellow mutations in Ser. 137 versus Ser. 138 is 
about 5. (The ratio of the corresponding rates of breaks is about 4, LUNING, 
1952.) In the limited material it is not possible to demonstrate any difference 
between the rate of yellow mutations in Ser. 138 versus Ser. 155. 

These results indicate that the rates of this type of yellow mutations—due 
to minute rearrangements—vary as the rates of breaks whether they are induced 
by a low dose in the sensitive period 7—10 days after treatment or by a 
quadrupled dose in the period 1—6 days after treatment of o—1 day old males. 
This result is different from that obtained for yellow mutations in the wild 
type chromosome. This will be further discussed below. 


IV. DISCUSSION. 


This investigation is based on the results presented by the author in a previous 
paper (1952). There it was demonstrated that in certain stages of spermio- 
genesis (ready for insemination 7—10 days after treatment), more chromosome 


breaks were induced by X-rays than in other stages (ready for insemination 


i 
Cages 
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without a corresponding variation in the rate of 
t] 


1e present paper this has been further confirmed 


sexlinked recessive lethals. Finally it is shown that the 
‘mutations, supposed 
B InS re 


to be due to minute rearrangements 
. sc’ chromosomes, vary as the rates of 


ay be divided into two groups on the 
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basis of random distribution according to the mitotic chromosome length they 
expected 33 %, which is in good agreement with the observed rate of breaks 
in the heterochromatic region. Using the maximum figure, 33 %, one finds that 
the expected increase in the rates of breaks in the heterochromatic region would 
be about 10 times if the rate of breaks in euchromatic regions is supposed to be 
constant. In the 175 chromosome, which has a heterochromatic region inserted 
near the distal end, one would expect 10 times more breaks in both the distal 
and the proximal heterochromatic regions in spermatozoa from the period 7—10 
days compared with those from the period 1—6 days after treatment. As breaks 
in the distal and proximal end are supposed to be connected with the origin of 
hyperploid males, one would expect an increase in the rate of hyperploid males 
corresponding to the very strong increase in the rate of breaks in these regions. 
BONNIER and LUNING (1951) showed that the rate of hyperploid males in- 
creased more rapidly than the first power of the dose (the rate of induced 
breaks). Consequently one would expect an increase in the rate of hyperploid 
males in Ser. 138 even higher than 10 times that in Ser. 137. The observed ratio 
between the rates of hyperploid males in Ser. 138 vs Ser. 137 is 3.7. (In the 


wild type chromosome the corresponding ratio was 5.2, LUNING, 1952, p. 325 


Table 1, Ser. 65 vs 64.)—This is thus an indication against the validity of 


the suggestion in point I, Other indications in the same direction, but in them- 
selves inconclusive, are the very good agreement in the ratios of dominant 
lethals and hyperploid males, as was demonstrated by LUNinG (1952), and good 
agreements between the rates of yellow mutations in the 175 chromosomes, 
presented in Table 3, Ser. 138 and 155. These three indications taken together 
testify just as strongly against the suggestion that the surplus of breaks in the 
period 7—10 days was localized to heterochromatic regions, as they do for the 
alternative suggestion point IT., that the breaks are distributed in a similar man- 
ner in all stages of spermiogenesis. We may thus conclude that differential 
breakability seem to be a peculiarity of material distributed along the whole 
chromos« mes, 

In the introduction opinions were quoted that apparent gene mutations could 
be due to both intra- and intergenic changes or only to intergenic changes. As 
there is a disagreement between the ratio of induced apparent gene mutations 
(visibles and recessive lethals) and chromosome breaks in various stages of 
spermiogenesis, it is possible to discriminate between the two explanations of 
the origin of apparent gene mutations by studying an aberration classified as 
an apparent gene mutation but strongly supposed to be due to an intergenic 


>? chromo- 


change. Such a case is the yellow mutations induced in the sc*® and sc 
somes (BELGovsky, 1938). As is seen in Table 3 the rates of yellow mutations 
in 4/5, which include sc>’, vary as the rates of breaks. Thus one may conclude 
that intergenic changes vary as the rate of breaks. The apparent gene mutations 


(yellow, white and singed in the wild type chromosomes and recessive lethals) 


II 
wes 
: 
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t vary as the type of yellow mutations due to intergenic changes. One is 
thus forced to conclude that the apparent gene mutations cannot only be caused 
by intergenic changes but also by intragenic changes and that the rates of the 
latter are not—or only slightly—subject to variations in different stages of 
spermiogenesis. 

‘here might be two possible explanations of the slight but significant varia- 

1 in the rates of apparent gene mutations parallel to the strong variation in 
rates of breaks in spermatozoa inseminated in the two periods 1—6 and 
7—10 days after treatment. The rate of intragenic changes may either remain 
constant or be subject to some variation. If the rate of intragenic changes is 
the same in all stages of spermiogenesis the observed increase in the rate of 
apparent gene mutations must be due to intergenic changes. On the basis of this 
assumption one can calculate the ratio of intra- and intergenic changes in a given 
stage of spermiogenesis. On the other hand if the rate of intragenic changes 
varies such a calculation is impossible. The possible variation in the rate of 
intragenic changes may be either positive or negative. This means that the ratio 
ragenic- and intergenic changes leading to apparent gene mutations in 


permatozoa used the first 6 days after treatment is either less (when positive 


variation) or greater (when negative variation) than in spermatozoa inseminated 
7—10 days after treatment. 

It was concluded above that intragenic changes exist and that their rates 
rr only slightly—subject to variations when the rates of breaks are 
varied. This postulates two kinds of elements in the chromosomal 
viz. invariable (or slightly variable) and variable elements as regards 

ivity to X-rays in different stages of spermiogenesis. (A similar 


+ 


iation in itivity is also observed after treatment with mustard gas, 


LUNING unpublished.) Hits in the invariable elements may produce breaks or 


kinds of changes; in any case they seem in themselves able to induce 
nt gene mutations—intragenic. Hits in variable elements produce breaks 
hemselves unable to induce apparent gene mutations but may 

rearrangements—intergenic. 
last some words will be said about similar results obtained with barley. 
AFSSON (1940, 1946), D’Amato and Gustarsson (1948) and KAPLAN 
51) have studied X-ray induced mutations in barley when pretreating the 
ls with various chemical. Gustarsson showed that a/bina mutations were 
independent on the Xi sterility (intragenic) but that xantha, alboviridis and 
di tations were dependent on X41 sterility (intergenic). (X41 plants are 
irradiated seeds.) D’AmMato and Gustarsson demonstrated that 
ment with potassium cyanide (0.01 mol) reduced the mutation rate 
that of less concentrated solutions (0.001 and 0.0001 mol) as well as 
below that of the d ‘ries in spite of a marked Xj sterility. KAPLAN found 
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the seeds with water containing carbon dioxide, ammonia or acetic acid without 
a corresponding variation in the rates of ‘“‘Faktormutationen”. These results 
agree with those presented in the present paper—namely—that the apparent gene 
mutations need not vary as the rate of breaks. 
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SUMMARY. 


1. The present paper deals with X-ray induced apparent gene mutations (v1- 


sibles and recessive lethals) in various stages of spermiogenesis of Drosophila 


melanogaster. 

2. O—1 day old males of three stocks were irradiated and repeatedly mated 
to virgin females at certain intervals, viz. I—6, 7—10 and 11—18 days after 
treatment. 

3. When using o—1 day old males one obtains the maximum difference in 
the rates of breaks in spermatozoa inseminated in the two periods 1—6 and 
7—10 days after treatment. The latter rate is about 4 times the former. 

4. For white, but not for yellow, mutations there is a significant increase in 
the rates in the two mating periods 1—6 and 7—10 days after treatment. The 
increase is, however, not as high as the increase in the rates of breaks. In the 
period 11—18 days after treatment the rates of yellow and white mutations are 
significantly lower than in the period 1—6 days after treatment. 

5. Recessive lethals induced in the y w sm chromosomes were analysed by 
the MuLLer-5 technique. The rate in the period 7—10 days after treatment was 
significantly higher than the rate in the period 1—6 days with the same dose 
(1440 r) but significantly lower than that in the period 1—6 days with a 3 times 
greater dose (4320 r) in spite of a higher rate of breaks. 

6. Yellow mutations induced in the sc’ and scS! chromosomes are, according 
to BeLcovsky, due to minute rearrangements—intergenic changes. It is de- 
monstrated that the rates of yellow mutations induced in the sco! B InS w* sc° 


chromosomes vary as the rates of breaks in various stages of spermiogenesis. 
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INTRODUCTION. 


It has been our intention to describe as far as possible completely the anatomy 
of a lizard, just as it has been done for the frog, so that students studying the 
order Lacertilia may have a comprehensive account of all the systems of a 
lizard easily at hand. 

The anatomy of Calotes, the Indian garden lizard, has been described in some 
textbooks but Calotes is not selected for study in the north where Uromastix is 
taken as the lacertilian type. The house-gecko, Hermidactylus, is small and more- 
over, for sentimental reasons, the lizard is tabooed and cannot be procured in 
numbers for class purposes. It was thought, therefore, that a description of the 
anatomy of an ubiquitous form like Wabuya would be very useful. 

We propose to describe the skeleton first; in this paper the chondrocranium 


and the osteocranium of Mabuya carinata Schneid. will be described. The adult 


1 Thesis submitted for the Degree of Master of Science of the University of Mysore 
by M. K. M. Rao, 1949. 
* Now working at the British Museum (Nat. Hist.), London. 


14 A. Z. 1952 Acta Zoologica 1952. Bd. XXXII, 
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‘alotes was described by lyer (1943) and the chondro- and osteo- 
of a just-hatched young Calotes was described by RAMASWAMI (1946). 
features in which the skull of Calotes was noticed to differ 

aranus thus not serving as a generalised type for 

huya on the other hand, resembles more the skull 
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connection, we have also studied the skull of the commonly occurring 


tum ( Linn.) for purposes of comparison. 
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CHONDROCRANIUM AND SKULL OF JWABUYA 
The Chondrocranium of Mabuya carinata Schneid. 


The following is the description of a fully formed chondrocranium of Mabuya 
carinata Schneid., H.-L. 9.5 mm. The condrocranium is usually studied as 


follows: 


A. The cranium. 


the basal plate and notochord, 
the occipito-auditory region, 
the orbito-temporal region, 
the ethmoid region, 
visceral arches. 
the pterygoquadrate, (upper jaw), 
Meckel’s cartilage, (lower jaw), 
the columella auris, and 


the hyo-branchial apparatus. 


THE BASAL PLATE AND NOTOCHORD. 


The basal plate (figs. 1, 2, bp) extends from the foramen magnum 
up to the hypophysial fenestra (figs. 1, 2, fhy) anteriorly including the stout bar 
of cartilage—the crista sellaris (cr). The basal plate also extends on either 
side of the crista sellaris anterolaterally, forming the side wall (ebp) to the 
hypophysial region of the brain. The side wall of the cranium behind the crista 
reaches up to the level of the incisura prootica (fig. 2, ip). 

The dorsal free edge of the lateral wall is bent upwards at right angle to 
the vertical portion forming a short lateral shelf (fig. 2, pai) which continues 
posteriorly ending right in front of the facial foramen (ff) on the ventrolateral 
surface of the prominentia recessus utriculi (pri). A similar ridge has been 
noticed in Lygosoma (PEARSON, 1921) and is called the processus anterior in- 
ferior. We are able to confirm this point in the Lygosoma examined by us. 
In Eumeces Rice (1920) described it as “the free margin of plate rolled out 
but not noticeably thickened”. It is homologous with the projecting edge of the 
basal plate in Emys (KUNKEL, 1912) where it is prominent and more exten- 
sive than in Eumeces or Mabuya. 

The cochlear capsule is seen to have invaded the basal plate so much that 
the facial foramen (fig. 2, ff) which must normally be noticed in the basal 
plate ventrally to the otic capsule, has migrated to a position dorsally to the 
cochlea and ventral to the prominentia recessus utriculi. The prefacial com- 
missure is therefore situated on the dorsal aspect of the cochlea. 

The basal plate shows a large pear-shaped basicranial fenestra (fig. 1, fbc) 
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anteriorly just behind the crista sellaris (cr). When compared with the posterior 
basicranial fenestra of stage 5 of Ewmeces (RICE, 1920), the fenestra in Mabuya 
is comparatively small and extends only for about one fifth the length of the 


basal plate. In the middle of the basal plate in Mabuya another small basicranial 
fenestra (figs. I, 19, 20 fhe’) is seen which appears to have been formed 


by the resorption of the cade. 

The basal plate shows variation in thickness in different re gions, On either 
side of the large basicranial fenestra the ventrolateral corners are very thick 
while the lateral walls are very thin. In the region of the small basicranial 
fenestra, while the lateral border of the basal plate is stout in cross section, the 
floor is very thin. Posteriorly the middle portion of the plate as it reaches 
the condyle becomes very thick. The condyles are noticed as small projections 


of the basal plate, separated by a small notch,—the incisura intercondyloidea, 


which is so prominent in Ewmeces (Rick, 1920) and is scarcely seen in Mabuya. 

In Mabuya the abducens nerve, as in all other lizards viz., Lacerta (GAUvPP, 
1900: DE BEER, 1937) Eumeces (Rice, 1920), Ablepharus (HAAS, 1935) and 
Calotes | anciuenaadd, 1946) passes through a tunnel in the basal plate laterally 


to the crista sellaris and internally to the poorly developed pila antotica. The 
nerve becomes extracranial in the metoptic region. In Pachydactylus, Lygodac- 
tylus and Agama (Brock, 1932) the abducens nerve, on the other hand, passes 
out through a large fissure along with the oculomotor, trochlear and branches 
of the trigeminal nerve as the pilae antoticae are incomplete in these forms and 
the nerves run in a channel in the trabecular cartilage. The basal plate also 


shows on either side three foramina (figs. 1, 2, hyf) for the exit of the hypo- 


clossal roots. 
The notochord passes through the odontoid process into the basal plate be- 


tween the condylar portions. It is embedded in the basal plate in this region 


Fis. 1. The Chondrocranium of a 9.3 mm (H.-L) embryo of Mabuya carinata Schneid., 
ventral aspect. (The processus ascendens and columella are shown on one side only.) 
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the ethmoid region of the Chondrocranium of a 9.5 mm (H.-L) 
embryo of Mabuya carinata Schneid. 


* auditus concha; ca cupola anterior; cc cartilaginous connexion between the cupola and 
parietotectal cartilage; co incomplete conchal wall; cps paraseptal cartilage; cs cartilago 
sphenoethmoidalis; epf epiphanial foramen; fa foramen apicale; fol fenestra olfactoria; 
fs fenestra superior nasi; Jon lamina orbitonasalis; /fa lamina transversalis anterior; 
n notch; pi processus alaris inferior; pma processus maxillaris anterior; pmp processus 
naxillaris posterior; puc paranasal cartilage; ps processus alaris superior; pse’ anterior 
rudiment of paraseptal cartilage; ptc parietotectal cartilage; rec recessus extraconchalis ; 

sn septum nasi. 


fragment of the notochord is seen lying in the dorsal groove of the basal plate 
in front of the small basicranial fenestra in J/abuya. A similar isolated frag- 
ment of the notochord is noticed in stage 6 of Ewmeces (Rice, 1920) and in 
Echidna (Gavrp, 1908). 


THE OCCIPITO-AUDITORY REGION. 


Behind the fissura metotica (fig. 1, fm), each occipital arch (oca) arches up 
from the basal plate and is connected with the posterior face of the otic capsule, 


the two arches being connected together by a tectum (posterius plus synoticum) 


as in Lacerta (GaupP, 1900), Eumeces (Rice, 1920), Lygosoma (PEARSON, 
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1921) and Calotes (RAMAsWAMI, 1946) enclosing the foramen magnum. Mid- 
rsally from the tectum, there projects the processus anterior tecti (fig. 2, pat). 
ach auditory capsule is very prominent and connecting the posterior face 

of each capsule dorsally to the foramen magnum is the tectum synoticum. On 

the medial face of the auditory capsule nearer to the occipital arch, there is a 
all orifice due to incomplete chondrification in this region. From almost 

middorsal region of the anterior semicircular canal, the taenia marginalis 
fig. 2, tma) arises and takes upward course as it progresses anteriorly. 
Eumeces also (RICE, 1920) the taenia is similarly disposed. In Calotes 

XAMASWAMI, 1946) peculiarly a taenia marginalis is absent. 

The attachment of the otic capsule with the basal plate in Mabuya has already 
been briefly considered. The disposition of the anterior basicapsular commissure 
is not clear since the cochlear capsule has invaded the basal plate and the facial 
foramen (fig. 2, ff) is therefore pushed upwards and lies in a deep notch be- 
tween the prominentia cochlearis (pco) and the prominentia recessus utriculus 
(pru). As the cochlear cavity extends below and in front of the facial for- 
amen, the latter lies more in a dorsal than a lateral position. The broad con- 
nection of the basal plate in front of the glossopharyngeal nerve presents a 
basivestibular ce ymmissure, 

The supracochlear portion of the basal plate is quite prominent and the la- 

: supracochlearis shows a prominent orifice for the facial nerve as mentioned 

The large portion of the basal plate in front of the facial foramen is 

prefacial commissure; it resembles more the mammalian suprafacial com- 
missure in being dorsally to the cochlea. 

The auditory capsule of Mabuya shows the usual prominences described in 
Lacerta (GaUPP, 1900), Eumeces (Rice, 1920) and Calotes (RAMASWAMI, 
1946); externally to the prominently marked anterior semicircular canal and 
its ampulla (fig. 2, asc, paa), the less clearly marked posterior semicircular canal 


psc) and its large ampulla (pap) which comes in contact with the basal plate 


ie skull of adult Mabuya carinata Schneid., alizarin preparation. 
te process of pterygoid is shown on one side only.) 
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fuse) so that the fissura metotica is merely a groove in this region, 
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“querstehende vertikale scheidewande” (GAupp, 1900, p. 458) which shows two 


orifices; one median for the passage of the utricular extension from the an- 
terior to the posterior cavum and a lateral one which transmits nothing. In 
Eumeces Rice (1920, p. 143) in describing the septum intervestibulare noted 
that “‘the transverse plate between the two cave vestibularia is known as the 
septum intervestibulare ; the foramen through which the two cava communicate 
is the foramen intervestibulare”. 

We have not been able to notice such a transverse septum in J/abuya, but a 
septum extending from the anterior margin of the foramen acusticum anterius 
to the anterior margin of the foramen acusticum posterius is almost horizontally 
disposed. The septum divides the intracapsular cavity into an upper or dorsal 
and a large ventral portion. Viewed from the posterior aspect into the intra 
capsular cavity of the auditory capsule, it is noticed that in front of the septum 
the saccular cavity is situated above and the cochlear cavity below. Behind the 
horizontal septum there is a spacious cavity accommodating both the saccular 
and utricular portions corresponding with the cavum vestibulare posterius of 
Lacerta (GAuPP, 1900) and :wmeces (RICE, 1920). As in Eumeces, from the 
cavum vestibulare posterius extends the cavum vestibulare anterius dorso- 
anteriorly in Wabuya, while ventrally to it is the cavum cochlearis, the two being 
separated by the extension of the basal plate or lamina supracochleare. The 
foramen intervestibulare noticed in Lacerta (GAupPP, 1900) establishing a com- 
munication between the anterior and posterior portions is not present in .Wabuya. 

There is another interesting feature in the septal arrangement in the posterior 
portion of cavum vestibulare posterius. Just anterior to the region where the 
lateral semicircular canal passes from its posterior orifice to meet the utriculus 
in the cavum vestibulare posterius, there is a small cartilaginous bridge se- 
perating the dorsally situated cavum vestibulare posterius from the recessus 
ampullaris posterior, which is antero-ventrally located. Such a bridge is not 
reported either in Lacerta (GAupP, 1900) or in Ewmeces (RICE, 1920), 

Mention may be made of the fissura metotica here, Anterior to the occipital 
arch (fig. 1, oca), the fissura starts and extends anterior to the fenestra pe- 
rilymphatica (f/) till it extends as a large gap (fig. 21, fme; in fig. 1 only the 
position of it is marked; fig. 2, fim) and is situated on either side between the 
basal plate and the auditory capsule. The posterior part of the fissure 1.e., just 
in front of the occipital arch, it is differentiated as foramen jugularis through 
which the vagus and the accessory nerves and the head vein come out. Anteriorly 
to this, the basal plate and the prominentia ampullaris of the posterior semi- 
circular canal (pap) come so close to each other that the fissura is merely a 
groove. In the perilymphatic fenestra region, the fissura is noticed as a groove 
in the medial wall of the otic capsule. Anteriorly the large gap referred to above 
between the cochlear wall and the basal plate persists into the adult and re- 
mains as a gap called the fenestra metotica (figs. 4, 10, fm) by the side of 
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he tuberculum spheno-occipitale. This large gap opens into the recessus scalae 
mpani lateroventrally and forms the apertura medialis recessus scalae tympani 
(fig. 21, fmt). In Lacerta (GavupP, 1900) this medial aperture allows the glos- 
pharyngeal nerve to pass through into the recesses scalae tympani. But in 
huya, as in stage 6 of Eumeces (Rice, 1920) the glossopharyngeal nerve 
19, 1X) enters the recessus through an aperture corresponding to the 

men glossopharyngei internum of Emys (KUNKEL, 1912) in the medial 

of the otic capsule just dorsal to the groove of the fissura metotica. In 
Leptodeira (Brock, 1929) the glossopharyngeal nerve pierces the basal plate 
below the medial aperture of the recessus scalae tympani and does not enter 
the recessus. In \/abuya the course of the nerve is intracapsular as in stage 6 
eces, While in stage 5 of Eumeces (Rice, 1920) the course of the nerve 
extracranial, Rice concluded that this variation was atributable to individual 
rather than to age. In Mabuya if there were no ventral extension of 


‘dial wall of the otic capsule in this region, the condition would have 


been similar to Lacerta (GaUPP, 1900) or stage 5 of Eumeces (RICE, 1920). 


On the other hand the ventromedial wall has extended enclosing the glossopha- 
nerve in Mabuya. 

Vabuya in the anterior region of the foramen perilymphaticum i.e., in 

the region lying ventrolateral to the large anterior gap of the fissura metotica 

described above, the lateral aperture of the recessus scalae tympani does not 


show a well-developed membrane (secondary tympanic membrane) but only a 


sheet of connective tissue (fig. 19, stm) spanning the two outer borders 


skull of Mabuya carinata Schneid., alizarin preparation. 
epipterygoid have been removed on one side; the dorsal roofing bones 
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THE ORBITO-TEMPORAL 


temporal region is situated between the nasal capsules and the 
the region is peculiar in having no roofing at all. The floor in 
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Fig. 6. Mesial view of the sagittal section of the adult skull of Mabuya carinata Schneid 


alizarin preparation. (The left quadrate and quadrate process of pterygoid are omitted.) 
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cula cummunis extends and passes insensibly into the ventral edge of the 
interorbital septum (figs. I, 2, ios). 

The hypophysial fenestra accommodates the hypophysis and allows the in- 
ternal carotid artery to become intracranial, In Lacerta (GAupP, 1900) a slight 
indentation on the medial wall of the trabecula for the passage of the internal 
carotid artery was called the incisura caroticus. Such an incisura is not present 
in Mabuya. 

The basitrabecular process in Wabuya (figs. 1, 2, pbt) is a rod-like cartilage 
and runs anteriorly for a short distance where it broadens out into a facet to 
meet the pterygoid bone. In Lacerta (Gaupp, 1900) this process runs laterally 
and immediately expands to form a broad articular facet and is associated with 
a small oval cartilage,—the meniscus pterygoideus. There is, however, no me- 
niscus cartilage in Mabuya. 

The internal carotid artery in Mabuya coursing along the side of the basal 
plate becomes anteriorly intracranial by passing medially to the trabecula in 
the hypophysial fenestra. At the region it takes a bend to enter the fenestra, it 
gives off a hypophysial artery and to another small branch, which in com- 
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panionship with the palatine nerve, runs anteriorly after passing dorsally to the 

basitrabecular process and the trabeculae. 

The fenestrated interorbital septum, which is a vertical sheet having for its 
ventral border the trabecula communis indistinguishably united with it, shows 
a fenestra (fig. 2, asf) at the anterior region where it passes into the nasal 
septum. Posterodorsally to this there is a large fenestra septi in the septum of 
Mabuya (fig. 2, psf). In Lacerta (Gaupp, 1900) these two fenestrae were 
called fenestrae septi; for the sake of convenience, we have called the fenestrae 
in Mabuya, the anterior and posterior septal fenestrae. In Eumeces (RICE, 1920) 
this anterior fenestra is absent; in Calotes (RAMASWAMI, 1946) there is only 
the ventral part of the interorbital septum represented (and not the middle 
part), so much so this anterior fenestra septi seems to be confluent with the 
large space above, viz., the fenestra olfactoria or cavum orbitonasale. 

A similar condition is described by p’BELLAIRs (1949) in Anguis, Hemidac- 


lus and |’aranus where the upper bar of cartilage of the fenestra is absent 


so that the septum here is very low. Further in Mabuya, there is a smaller 


fenestra,—the ventral septal fenestra (fig. 2, vsf) anteroventrally to the large 
posterior septal fenestra (psf) referred to above. Such an unchondrified por- 
tion is not seen in Lacerta (GauppP, 1900) or Ewumeces (Rice, 1920) where 
probably the ventral fenestra has merged with the anterior one; but a similarly 
located fenestra is seen in Calotes (IRAMASWAMI, 1946). 

The cartilago sphenoethmoidalis (figs. 1, 2, cs) becomes confluent with the 
dorsolateral edges of the interorbital septum (ios) and this edge (ap) continues 
rising up steeply posteriorly from the septum as the dorsal boundary of the 
large posterior septal fenestra (psf) and becomes confluent with the antero- 
ventral edge of the planum supraseptale (pss). This anterior projection (ap) 
of the planum in \abuya is not as broad as in Lacerta (GAUPP, 1900) or 

(Rice, 1920) but is almost triangular in cross section in Mabuya, 
resembling that in Calotes (RAMASWAMI, 1946) and the preoptic pillar described 
by p’BeLLairs (1949) in laranus, and the slight dorsal longitudinal depression 
in the middle would indicate the dual origin of it. In a fairly advanced stage of 
Lygodactylus (Brock, 1932) it is noticed that the vertical connections between 
the marginal and parietal taenia and the cartilago sphenoethmoidalis have broken 
down. 

The planum supraseptale (figs. 1, 2, pss) behind the rod-like portion (ap) 
referred to above is deeply trough-like and from the anterodorsal wall there 
projects anteriorly small cartilaginous processes also seen in Lacerta (GAUPP, 
1900), Ewmeces (Rice, 1920) and Calotes (RAMASWAMI, 1946) ; this projection 
has no significance. From the posterolateral margin of the planum supraseptale 
there arises a round bar of cartilage which meets the posterodorsal wall of the 
otic capsule. This is the taenia marginalis (figs. 1, 2, tma) also noticed in 


Lacerta (GAUPP, 1900) and Eumeces (RICE, 1920); but, however, it is absent 
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Fig. 7. Posterior view of the adult skull of Mabuya carinata Schneid., alizarin preparation. 
(The columnella is shown on one side only; the right quadrate is tilted.) 
be basioccipital condylar portion; boc basioccipital; c intercalary cartilage; cep cartilaginous 
epiphysis of the occipital condyle; cpacartilage of ascendens tecti; cq cartilaginous portion of 
quadrate; ec extracolumella; ep! extraplectral ligament; fma foramen magnum; gap’ gap in 
the quadrate; hyf hypoglossal foramina; jf jugular foramen; /p lateral process of squamosal ; 
oc otoccipital ; occ occipital condylar portion; ofc otic capsule; par parietal; pat processus an- 
terior tecti; pp processus parietalis; ppr parotic process; ptf posttemporal fossa; g quadrate ; 
gpt quadrate process of pterygoid; soc supraoccipital; sq squamosal; st stapes; stf supra- 
temporal fossa; stp supratemporal bone; ts tuberculum spheno-occipitale. 


in Calotes (RAMASWAMI, 1946). In the figure of the chondrocranium of Agama 
(Brock, 1932, p. 510, fig. 3) the taenia marginalis has not been figured; 
probably it is absent. In the late embryo of Lygosoma (PEARSON, 1921) the 
taenia is only represented by the anterior and posterior ends. 

Irom the ventral edge of the planum supraseptale where it meets the preoptic 
portion of the interorbital septum (fig. 2, pr) there arises a fairly roundish 


cartilage,—the taenia medialis (figs. 1, 2, tme) which proceeds posteriorly and 


from this, there arises a broad cartilaginous arch,—the pila metoptica (pm) which 
runs ventrally behind the optic nerves and the optic chiasma to meet the sub- 
iculum infundibuli (si) and the cartilago hypochiasmatica (ch); the latter is 
united with the trabecula communis below the chiasma. Posterior to the pila 
metoptica the taenia medialis bifurcates ; one limb passes as a thin cartilage—the 
pila accessoria (pac) and meets the taenia marginalis enclosing a large fen- 
estra—the fenestra epioptica (fep) between it and the planum supraseptale 
(pss); the other ventral limb of the taenia proceeds ventroposteriorly and ends 
mesially to the processus ascendens (pa, see pterygoquadrate) without coming 
in contact with the floor, This cartilage occupies the same position as the pila 
antotica of Lacerta (GauppP, 1900), but as no cartilaginous pillar arising from 
the floor meets the taenia medialis in Mabuya, the antotic connexion with the 
basal plate may be said to be absent. The fenestra prootica situated between the 
front wall of the auditory capsule, the dorsal margin of the basal plate, ventrally 
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> left side and the frontal have 
ridge.) 


tal; a lateral process of maxilla; amp 

: dfp dorsal premaxillary foramen; dpr, dpr’ mesial 
respec tively rbital border of ectopterygoid ; 
. al; /no lacrimo- 


merine process of palatine; 

latine; premaxilla; ppl 

; prf prefrontal; prs anterior 

prevomer; pu’ anterior extension 

continuation of ridge; spm septomaxilla ; 
vwpr ventral process of prevomer. 


to the taenia marginalis and posterior to the pila accessoria and the incomplete 


ventral portion of the taenia medialis (pan) therefore, opens into the fenestra 


metoptica (fig. 2, fmo). The fenestra metoptica is posteriorly incompletely 


bounded. 
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Fig. 8a. Ventral aspect of the adult skull of Mabuya carinata Schneid., alizarin preparation. 
(The maxilla has been removed on the left side.) 


amp anteromesial process of maxilla; ch choana; dp dorsomedial process of palatine; gap 
gap between premaxilla and maxilla; jo opening of Jacobson’s organ; max maxilla; ojc 
outline of Jacobson’s calcified cartilage; opv outline of prevomerine process of palatine; 
pal anterior portion of palatine; p/p palatine process of prevomer; pma palatine process of 
maxilla; pmp premaxillary process of prevomer; px premaxilla; prs anterior process of 
septomaxilla; pu prevomer; pup prevomerine process of premaxilla; spm septomaxilla; 
t teeth on the premaxilla and maxilla; vo ventral anterior orifice for the exit of the palatine 


nerve and ertery; vpf ventral premaxillary foramen; vpr ventral process of prevomer. 


I'rom the ventroposterior margin of the subiculum infundibuli a pair of short 


cartilaginous processes (fig. 2, sth) projects posteriorly for a very short distance 


parallel with the trabecula cranii; the paired nature becomes indistinct posteriorly 
and probably these correspond to the supratrabecular bar of Lacerta (46 mm 
stage, GAUPP, 1900). While the supratrabecular bar of Lacerta meets posteriorly 
the base of the pila antotica in Wabuya it ends bluntly as an antotic connexion 
is absent. 

It may not be out of place here to mention about the eye-muscles and the 
sclerotic cartilage; the latter really belongs to the chondrocranium. 

In addition to the four recti and two oblique eye-muscles among the reptiles 
there is the retractor bulbi, controlling the movement of the bulbus oculi. The 
retractor bulbi group really consists of two parts, the m. bursalis and the m. 
retractor bulbi proper. Like the posterior rectus, these two are innervated by 
the abducens nerve. It is noticed that the retractor bulbi group in various lacer- 
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tilia invade the pituitory fossa and have their origin in it, converting it into a 


posterior myodome, 


In Mabuya the origin of the eye-muscles is not very different from that in 


1 


other lizards (SAve-SOpDERBERGH, 1946). The inferior oblique arises on the 
membrane and also slightly posteriorly to the membrane covering the anterior 
septal fenestra; the superior oblique muscle arises just behind the inferior 
oblique, a small portion being attached to the membrane covering the ventral 
septal fenestra; the anterior rectus arises from two portions; from the inter- 
rbital septum in front of the optic fenestra in the ventral portion and from 
the dorsal portion of the interorbital septum separating the posterior septal 
fenestra from the optic fenestra; near the taenia medialis arises the upper part 
of the anterior rectus; the superior rectus arises from the membrane spanning 
the gap between the subiculum infundibuli and the trabecula communis more 
dorsally, while the inferior rectus arises ventrally from the trabecula communis. 


he inferior rectus, arising from the trabecula communis is the posterior 


Arising from the dorsal aspect of the trabecula in front of the hypophysis, 

n. retractor bulbi proceeds anteriorly and runs for a short distance in close 

companionship with the m. bursalis (see below) and is inserted on the bulbus 

anteroventrally to the ciliary ganglion. The m. bursalis arises from the 

aspect of the trabecula communis (posterior to the m,. retractor bulb1) 

side of the hypophysis and proceeds anteriorly, running for a short 

as mentioned above, with m. retractor bulbi situated always dorsally 

It then runs posterodorsally to the ciliary ganglion and is inserted in the 
mesial aspect of the eve-ball. 

The large abducens nerve which enters the posterior rectus gives off a branch 
to innervate the m. retractor bulbi and m. bursalis. 

The posterior myodome in Mabuya is occupied by the m. bursalis of the 
retractor group, and the posterior rectus which enters the posterior myodome 
in fishes is left out. 

PEARSON (1921) did not refer to a m. bursalis but described a retractor bulbi 
and the posterior rectus which was divided into two. Probably one of these re- 
presents a m. bursalis. EpGEworTH (1935) noted in Lacertilia that the bursalis 
had a few fibres arising from the sclerotic called the ‘portia retrahens’ (fig. 
453). 


The bulbus oculi shows a well-developed sclerotic cup. 


THE ETHMOID REGION, 


The nasal capsule is composed of symmetrical right and left halves by the 


side of the medially situated nasal septum (figs. 1, 2, 2b, sv). At the region the 
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nasal and the interorbital septa meet, there is a large fenestra accommodated 
in both these septa already mentioned (fig. 2, asf). The nasal septum does not 
show any region of incomplete chondrification as in Lacerta (GAUPP, 1900). 
There is a slight thickening of the nasal septum at the level of the septomaxilla 
coming in contact with the nasal septum (figs. 24, 25). A similar thickening is 
also noticed in Eumeces 1920). 

In the anterior wall of the cupola anterioris (figs. 2, 2b, ca) mesially the 
foramen apicale (fig. 2b, fa) is noticed for the passage of the ramulus medialis 
of the ethmoid nerve as in Lacerta (GAupP, 1900) and Ewmeces (RICE, 1920) ; 
in Calotes (RAMASWAMI, 1946) there is a common large foramen apicale through 
which the two ramuli get exit. In Varanus monitor (pD’BELLAIRS, 1949) there 
is no distinct foramen apicale but there is in front of the cupola a flattened 
rostral process which supports the ethmoid nerve and vessels. In Mabuya 
laterally the cupola shows a broadish processus alaris superior (figs. 1, 2, 2b, 
ps) and a pointed processus alaris inferior (fi), and the crescentic gap between 
the alary cartilages is the fenestra narina or the anterior naris (fig. 2, fm). In 
Ewmeces (Rick, 1920) and Varanus (pD’BELLAIRS, 1949) the processus alaris in-, 
ferior is very insignificant. 

3ehind the cupola and in between the nasal septum and the parietotectal car- 
tilage (figs. 2, 2b, 24, ptc) there is the large fenestra superior (figs. 1, 2b, 
24, 25, fs) through which the ventrally situated lamina transversalis anterior 
(fig. 2b, /ta) is clearly visible. In Lacerta (GauppP, 1900) the fenestra superior 
can be compared to a big foramen while in Eumeces (Rice, 1920) the fenestra 
is fairly big. In Calotes (RAMASWAMI, 1946) the roof is complete as in Emys 
(KUNKEL, 1912) and |aranus (bD’BELLATRS, 1949). In Mabuya the parietotectal 
cartilage (figs. 2, 2b, ptc) continues lateroventrally to the fenestra superior 
into the lamina transversalis anterior (figs. 1, 2, 2b, /ta) and further, the 
parietotectal cartilage is continuous with the posterior portion of the cupola by 
a short cartilaginous extension (figs. 2b, 25, cc) passing over a deep lateral 
indentation (fig. 2, 2b, 25, 2) between the cupola and the posteriorly situated 
parietotectal cartilage. The lamina transversalis anterior (/ta) or the cartilage 
of the floor (solum nasi) is connected with the septum nasi anteromesially and 
the laminal cartilage forms a support for Jacobson’s organ (figs. 24, 25, cj). 
The opening for the organ of Jacobson (fig. 1, jo) is noticed between two 
projections from the posterior margin of the lamina transversalis anterior; the 
lateral of these projections is the ectochoanal cartilage (figs. 1, 24, cec) and 
the median one in addition to showing a cartilaginous eminentia into the organ 
of Jacobson (which persists in the adult—see osteocranium) also exhibits a 
posterior projection (figs. 1, 2b, pse’) which represents the anterior end of 
the incomplete paraseptal cartilage. In Ewmeces (Rick, 1920) the parietotectal 
cartilage is continuous dorsolaterally with the cupola without any break in the 
middle as in Wabuya; the lamina transversalis anterior of /:wmeces (RICE, 1920) 
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ramus of the lower jaw of adult Mabuya carinata 
Schneid., alizarin preparation. 


irt ang angular; art articular; cor coronoid; den dentary; far fovea 

n posterior foramen in the fossa Meckelii for a ramulus of nervus cutaneous 
llaris inferiores; fct foramen for chorda tympani; fm fossa Meckelii; for 

_ fovea for a blood vessel: /d ; mf foramen for the entry 

li 1 of trigeminal nerve and artery; oan outline of angular; osp orifice 
for the exit of the combined mandibular and chorda tympani nerves; p/t pleurodont 
he coronoid; pre prearticular portion of articular; san 


rocessus massetericus ot 


{ 
iwular; sm symphysis; spl splenial 


- right ramus of the lower jaw of adult Mabuya carinata Schneid., 
preparation. (The teeth are omitted.) 
r ectopterygoid; art articular; ang angular; cor 


; cps coronoid process of supraangular; den den- 


nandibular branch of trigeminal nerve; fan angu- 
[ for the exit of a ramulus of nervus 
1a dentofacialia; san supraangular. 


ITC, 
lamina is not connected with the parietotectal cartilage. Wabuya therefore 
rs in this important respect from Ewmeces. 
Vabhuya, the paraseptal cartilage is seen in the floor as an anteriorly direc 
artilage (figs. 1, 2b, 22, 23, cps) by the side of the nasal septum but 
dently of it arising from the lamina orbitonasalis (figs. 1, 2, 2b, lon) 
does not reach the lamina transversalis anterior, In Lacerta (GAUPP, IQO0O) 
ina transversalis anterior shows posterolaterally a cartilago ectocho- 
ind mesially it is continous with the lamina orbitonasalis by the paraseptal 


ilage running on either side of the septum nasi. In Calotes (RAMASWAMI, 


the ventral aspect of the lamina orbitonasalis may represent a reminiscence of it 
and in stage 6 of Ewmeces (Rick, 1920) the paraseptal cartilage is disposed as 
in Lacerta (GaupPp, 1900). In laranus (p’BELLArIRS, 1949) the paraseptal car- 


tilage is continuous with the lamina transversalis anterior while an anteriorly 
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Fig. 10. Dorsal aspect of the ‘Occipital segment’ of the adult skull of Mabuya carinata 
Schneid., alizarin preparation. (The columella is shown on one side only; the cartilaginous 
epiphysis of the basipterygoid process of the sphenoid is removed.) 


aa anterior opening of abducens canal; af posterior opening of abducens canal; aip anterior 
inferior process of prootic; ap alar process; asc anterior semicircular canal; asp anterior 
superior process of prootic; avec anterior orifice of Vidian canal; be basioccipital condyle; 
boc basioccipital; bpp basipterygoid process; c intercalary cartilage; ca foramen for the 
branch of the carotid artery; cp crista parotica; cpa cartilaginous portion of processus 
anterior tecti; cr crista sellaris; eoc exoccipital portion of otoccipital; ep/ extraplectral 
ligament; ept outline of dorsal tip of epipterygoid; hp hypophysial fossa; tos interorbital 
septum (incomplete) ; /sc lateral semicircular canal; oc otoccipital; occ otoccipital condyle; 
faa prominentia ampullaris anterior; pal prominentia ampullaris lateralis; pi pars inferior; 
pmy posterior myodome; pr incomplete presphenoidal rostrum; pro prootic; ps pars superior ; 
psc posterior semicircular canal; soc supraoccipital; sp sphenoid; st stapes. 


directed process from the lower edge of the postnasal wall (lamina orbitonasalis) 
represents the posterior rudiment of the paraseptal cartilage. 

Since the roof and the floor of the olfactory capsule in this region is in- 
complete as in Eumeces (Rice, 1920) a zona annularis or the ring of cartilage 
as seen in Lacerta (GAuPP, 1900) is not seen in Mabuya. In Calotes (RaMa- 
SWAMI, 1946) and in Jaranus (D’BELLAIRS, 1949) also, a zona is absent. 

Behind the fenestra superior (fig. 2b, fs) the parietotectal cartilage forms 
the roof of the olfactory organ and the nasal capsule is broadest in this region. 
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idult skull of Mabuya carinata 
hown on one side.) 

or process of prootic; be basi- 

f sphenoid; c intercalary 

nd otoccipital; cce cartila- 

f the anterior inferior 

f epipterygoid ; 

plete interorbital sep- 

projection; paa prominentia 
ampullaris laterali 

pr incomplete pre- 

posterior orifice of Vidian canal; 


berculum spheno-occipitale. 


The roof here called the paranasal cartilage (figs. I, 2, 2b, 23, puc) not 
I 


only extends laterally to the epiphanial foramen ( fig. 2 b, epf) over the recessus 


extraconchalis (fig. 22, rec) enclosing a lateral portion of the olfactory sac 

but also internally to the extraconchal cavity (fig. 1, 2, co) but without coming 
in contact with the medial nasal septum ( figs. 22, 23, co). 

In Lacerta (GaAupPp, 1g00) the posterior region is broad due to two reasons ; 

he presence of a concha nasalis enclosing the lateral nasal glands and secondly 

presence of a recessus extraconchalis in the paranasal cartilage externally 

to the concha. In Calotes (RAMASWAMI, 1946) a conchal investment is not at 

all formed and therefore, the lateral nasal glands are not enclosed in the cartilage. 


In Eumeces (Rice, 1920) the ventral edge of the paranasal cartilage projects 
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Fig. 1ob. Mesial view of the bisected ‘Occipital segment’ of the adult skull of Mabuya 
carinata Schneid., alizarin preparation. 


af posterior orifice of abducens canal; atp anterior inferior process of prootic; ap alar pro- 
cess; asc anterior semicircular canal; asp anterior superior process of prootic; be basi- 
occipital portion of condyle; boc basioccipital; cp crista parotica; cr crista sellaris; elf 
endolymphatic foramen; en position of endolymphatic duct; eso epiotic portion of supra- 
occipital; faa foramen acusticum anterius; fap foramen acusticum posterius; fi internal 
orifice of facial foramen; fm anterior portion of fissura metotica; hyf hypoglossal foramina; 
ip incisura prootica; /bp left basipterygoid process of sphenoid; oc otoccipital ; occ otoccipital 
condyle; p prootic bony projection; paa prominentia ampullaris anterior; pal prominentia 
ampullaris lateralis; pat processus anterior tecti; pps prominentia of posterior semicircular 
canal; soc supraoccipital; sp sphenoid; tc’ trabecula communis cut; ts tuberculum spheno- 
occipitale of the left side; /X foramen for glossopharyngeal nerve; X, XJ foramen for the 
tenth and eleventh nerves (jugular foramen). 


mesially to the cavum extraconchale and this has been labelled the conchal car- 


tilage by Rice; the lateral nasal glands are not enclosed as in Lacerta (GAuPpP, 


1900). In Mabuya, the paranasal cartilage encloses completely the cavum extra- 


conchale (see fig. 23) anteriorly and this part projects forwards by the side 
of parietotectal cartilage leaving a wide gap (figs. 1, 2b, ac) comparable with 
the auditus concha of Lacerta where the lateral glands are situated. 

In Mabuya the ventral edge of the paranasal cartilage also projects dorso- 
mesially (figs. 1, 2b, 22, 23, co) but does not form a floor or duplication to 
give rise to typical concha enclosing an extracapsular space as in Lacerta. Thus 
the width of the nasal capsule in this region is due only to the extraconchal 
recessus as in Calotes (RAMASWAMI, 1946). 

At the region the parietotectal cartilage passes into the paranasal cartilage 
behind, where the lateral nasal glands are seen, the ramus lateralis of the eth- 
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auditory capsule of the adult 
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ate the extent of otoccipital; p prootic bony pro- 
s prominentia of lateral semicircular canal; 

ae tia recessus coch- 

posterior semi- 


moid nerve becomes extracranial by passing through the epiphanial foramen 
fig. 2b, epf). The paranasal cartilage passes posteriorly into the lamina or- 
bitonasalis (figs. 2, 2b, Jon) and the latter forms the posterior wall of the 
olfactory capsule independently of the nasal septum; a small lateral fenestra 
(figs. 1, 2, /f) is noticed between the lamina orbitonasalis and the paranasal 


cartilage. Such a lateral fenestra is absent in Eumeces (Rice, 1920) and Calotes 
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Fig. 10d. Internal view of the supraoccipital cup of the left auditory capsule of the adult 
Mabuya carinata Schneid., alizarin preparation. 
asc inner view of anterior semicircular canal; asc’ passage of the anterior semicircular canal ; 
ccl cavum cochlearis ; en passage of the endolymphatic duct into the cranial cavity; psc inner 
view of the posterior semicircular canal; psc’ passage of the posterior semicircular canal; 
soc supraoccipital; sss chamber for the sinus superior. 


(RAMASWAMI, 1946). ‘rom the dorsomedian edge of the lamina orbitonasalis 
there arises the cartilago spheno ethmoidalis (figs. 1, 2, cs); from the ventral 


projection of the lamina orbitonasalis, the processus maxillaris anterior (pma) 


and the processus maxillaris posterior (pmp) are noticed as short projections ; 
the latter process is slightly longer and runs posteriorly dorsally to the palatine 
bone, situated in a groove. 

sxetween the two paranasal cartilages and the lamina orbitonasalis and be- 
hind the parietotectal cartilage there is a spacious cavum,—the fenestra olfac- 
toria (figs. 1, 2b, 22, fol; fig. 2, con) or cavum orbitonasale (DE BEER, 1937) 
in Mabuya and the nasal septum is noticed to decrease in its height till it meets 
the interorbital septum, Through the fenestra olfactoria the incomplete para- 
septal cartilage (fig. 2b, cps), the recessus extraconchalis (rec) and the in- 
complete conchal cartilage (co) are visible. 


The visceral arches 


The pterygoquadrate and Meckel’s cartilage form the upper and lower parts 
of the mandibular arch. 
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Che pterygoquadrate can be studied under the following heads: 


a) the processus ascendens, 

b) the pterygoid process, 
c) the meniscus pterygoidus, 

and d) the quadrate. 

uya the processus ascendens (fig, 2, pa) arises dorsally to the broad- 
| tip of the basitrabecular process and makes a deep arch over the anterior 
| the anterior semicircular canal portion of the auditory capsule and almost 
‘hes but nowhere unites with it. In Lygodactylus (Brock, 1932) the pro- 


us ascendens is united dorsally with the otic capsule. The basal end of the 


processus ascendens lies in a deep notch in the pterygoid bone already formed 


this stage 
ull 


\ processus pterygoideus is noticed as a very slender rod or cartilage of 


bout eighty microns in length. Starting at the level of the cartilago hypochias- 


i 


atica, it runs in a groove in the pterygoid bone ending in front of the anterior 
the basitrabecular process. This processus pterygoideus in Mabuya is 


fragmented vestige of the anterior extension of the pterygoquadrate bar. 


he processus pterygoideus is not continuous with the lower end of the pro- 


ens. In the 31 mm stage of Lacerta (GAUPP, 1Gg00) the processus 
is a stout bar of cartilage continuous with the processus ascen 
of Eumeces (e.g. stage 2) Rice (1920) noticed a 
Eumeces the connexion has broken down 
buya. As we have not been able to secure the earlier 
to say whether a connexion existed in Mabuya. 
rygoideus is absent in Mahuya. It is present in Lacerta (GAvPP, 
1920), Calotes (RAMASWAMI, 1946) and several other 
In Agama ( Brock, 1932) the meniscus is labelled 
process metapte rygoid’ ). 
hind the base of the processus ascendens in ./abuya a slender thread 
is seen running dorsal to the pterygoid bone for over 20 sections. 
doubt that this is the reminiscence of the connexion between the 
rygoid ( processus ascendens) and the quadrate cartilage noticed 
mM (1903) in Mabuya, Eremias and Zonurus. In Pachydactylus 
1932) the quadrate cartilage is connected with the epipterygoid by 


] 


| thread of cartilage. In Agama (/-pGEWoRTH, 1935, fig. 485) 


a connective tissue connexion between the quadrate and the epiptery 


The posterior portion of the upper jaw is the quadrate cartilage. This por- 


i 


tion shows anteriorly two broadened condylar facets (fig. 2a, apq) for articula- 
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il 


ion with two similar facets in Meckel’s cartilage ; posterior to this, the quadrate 


2a) with the 
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concavity towards the middle ear. As the crista parotica is approached the qua- 

drate takes a deep horse-shoe shape with a mesial (mg) and a lateral gap (/g) 

in it until the two limbs of the horse-shoe meet to form a broad piece which 

articulates with the dorsal aspect of the crista parotica. This is the otic articula- 
tion of the quadrate. 

Anterior to the processus ascendens the quadrate is incomplete in Wabuyaand 
the short processus pterygoideus referred to above and the processus maxillaris 
posterior of the lamina orbitonasalis represent its anterior reminiscences. 

The two rami of Meckel’s cartilage at the symphysial region are united and 
are Oval in outline and they assume a circular shape more posteriorly. In the 
articular region of the quadrate, Meckel’s cartilage shows two prominent facets 
for articulation ; posteriorly to this, there is a large retroarticular process. 

The hyoid arch or the second arch results in the two structures viz., the 
columella auris and the branchial apparatus. 

The columella of Mabuya follows the description of the same in Eumeces 
(Rick, 1920) viz., a cartilaginous footplate (figs. 2, op; 20, st) belonging to 
the stapedial region fitting into the fenestra vestibuli and an extracolumella 
firmly attached to the tympanic membrane, the two being connected by a carti- 
laginous piece (fig. 1, cc). The pars inferior (figs. 1, 2, pin) of the cartilaginous 
outermost part of extracolumella embedded in the tympanic membrane is slight- 
ly longer than the pars superior (psw) but ends pointedly; the pars superior 
shows only a processus accessorius posterior (pacp) which is directed ventrally 
in \abuya. There is no processus accessorius anterior. The posterior portion 
of the pars superior is noticed mesially to the external limb of the horse-shoe 
shaped posterior portion of the quadrate which comes in contact with the crista 


parotica. There is a ligament (fig. 20, efl) running from the tip of the pars 


inferior laterally to the extraplectral and coming in contact with the proces- 


sus paroticus, which is also noticed in Lacerta (GAupP, 1900), Ewmeces (RICE, 
1920) and Calotes (RAMASWAMI, 1946). 

The connexion between the processus accessoris posterius and the hyoid 
arch described in early stage of Eumeces (Rice, 1920) is not seen in our stage 
of Mabuya; neither the processus dorsalis nor the processus internus is seen 
in .Wabuya. 


The hyobranchial apparatus. 


The hyoid apparatus consists of a broad body from the anteromesial portion 
of which springs the processus lingualis. Laterally from the body of the hyoid 
there proceed on either side the remaining segments of the hyoid arch; the 
hypohyal proceeds anteriorly as a bar for a short distance and taking a bend 
backwards expands into a leaf-like structure and then runs as a rounded rod 
till the columella auris. This expanded portion is not seen in Lacerta and 
Eumeces but seen in Lygosoma (PEARSON, 1921). Posterior to this, is the first 
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branchial arch which is slightly longer than the hyoid arch and almost running 
parallel to it. The second branchial arch consists of two parts; a cartilaginous 
spur-like projection from the posterior portion of the body of the hyoid and a 
posterior unconnected one with two small lateral projections. In Eumeces (Rice, 
1920) the posterior portion of the second ceratobranchial is in the form of a 
small bent rod with no projections while in Lygosoma (PEARSON, 1921) it is 


sickle-shaped. 


OSTEOCRANIUM OF MABUYA. 


General description: 


The skull of Mahuya resembles strikingly that of Varanus in its general 
appearance and outline; it is triangular, the apex being formed by the snout 
which is rounded off in front, In the optic region, the skull is slightly bulged. 
The dorsal surface of the skull is arched; the slope gradually ascends from the 
snout to the parietal region and then it declines down in the occipito-otic region. 
The ventral surface of the skull is almost flat except in the occipital region 
where it flexes gently upwards. The sutures between the different bones in the 
skull are distinct. But in the roof of the orbito-temporal, frontal and parietal 
regions, care has to be exercised in order to expose the bones since the dermal 
scutes overlying these regions have co-ossified with the bones, 

The brain for its most part lies in the posterior region of the skull covered 
on all sides by the bony box. However the anterior one third of the brain Le., 
the olfactory region is enclosed laterally by the planum supraseptale. The 
interorbital septum which separates the two large orbits remains largely carti- 
laginous in which calcification is noticed in certain regions and has also a few 


membranous portions. In front of the orbits there are the large olfactory capsules 


which are completely covered by bones on all sides except at the region surround- 


he external nares (anterior nasal fossae) which are situated anterodorsally 


in the snout region. The walls of the nasal capsule consist mostly of cartilage 


overlying which the bones are formed. 


It is customary to describe the skull under the following heads: 


region, 
orbito-temporal region, 
occipito-auditory region, 
upper jaw and palate, 
lower jaw, 


hyobranchial apparatus. 


The bones belonging to different regions are differentiated into cartilage bones 


membrane bones; the cartilage bones are the following :— 
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Fig. 11. Maxilla of the right side of adult Mabuya carinata Schneid., alizarin preparation ; 
(a. ventral view; b. dorsal view). 


alf anterior opening of alveolar canal; a/p anterolateral limb of maxilla; amp anteromesial 
limb of maxilla; flm facial limb of maxilla; gr groove for accommodating the maxillary 
process of jugal; mf foramina for the exit of the cutaneous branches of superior alveolar 
nerve; pma palatine process of maxilla (seen slightly vertical as the maxilla is tilted to 
left side); rv vertical ridge of maxilla; ¢ teeth. 
1) the prootics (of the auditory region; in front of the anterior semicir- 

cular canal, a membranous portion being united with it), 

the occipitals (of the occipital region of the skull), 

the basisphenoid, the meniscus pterygoideus and the presphenoidal 

rostrum, 

the orbitosphenoid and the ossification in front of the interorbital septum, 

the quadrate (the movable suspensorium), 


the epipterygoid or columella cranii (between the parietal and the ptery- 
goid, in front of the auditory capsule), 
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vil) the articular (in the lower jaw, with which two membrane bones, the 


supraangular and the prearticular have fused). 


OBSERVATIONS. 


propose to describe the membrane bones of the skull first in order to 
void repetition if done in the customary way. 

The premanillae (figs. 3, 4, 5, 6, 8, pma) from the arched anterior margin 
of the skull. These are two distinct bones unlike in /1eloderma (SCHUFELDT, 
1890), Uromastix (SEDGWICK, 1905) Tupinambis (REESE, 1923), Pachydactylus 
(Brock, 1932) l’aranus (BAHL, 1937), Scincus (EL-Tousi, 1938), Calotes 
(Iyer, 1943), the Amphisbaenidae (ZANGERL, 1944) and Agama (EL-Tovsi, 
1947), where the premaxialle are unpaired. Each premaxilla in Mabuya has a 
posteriorly directed dorsomesial process,—the processus nasalis (figs. 3, 8, mp) 
which overlaps the anterior mesial portion of the corresponding nasal (na). 
The nasal process is dorsoventrally flattened and is not laterally compressed 
as in | aranus (BAHL, 1937) and hence it resembles the same in other lacertilia 
(Agama, Calotes, Uromastix, etc.). On the ventral aspect, the premaxilla of 
Vabuya comes in contact with the prevomer (figs. 4, 8a, pv) by means of a 
prominent vertical prevomerine process (pvp). The alveolar portion consists 
of a broad ventrolateral process (figs. 3, 8, Jp) coming in contact with the 
maxilla (max) only by its outer and inner edges. Thus a gap (figs. 3, 4, 8, 8a, 
gap) is left between these two bones. Another interesting feature about the 


illae in \/abuya is that they are not quite symmetrical. The right pre- 


maxilla, at the anterior tip encroaches slightly upon its companion resulting 
in a curved sutural line at the region. The difference in size is due to the fact 
that the right premaxilla carries five teeth of which the innermost tooth is mesi- 
while the left bone carries only four (figs. 4, 8a, t). In Lygosoma 
( PEARSON, 1921) there is a large dentinal egg-crushing tooth lying in the medial 
line carried by the right premaxilla. In the adult \abuya there is no such 
dentinal tooth. In Calotes (Iyer, 1943; RAMASWAMI, 1946) out of the three 
small premaxillary teeth, the middle one is the larger. The teeth in Mabuya are 
pleurodont and homodont. 

There are two foramina in each premaxilla; one is dorsal, situated at the 
base of the nasal process, partially covered by it (figs. 3, 8, dfp); the other 
is ventral (figs. 4, 8a, vpf) and lies just above the prevomerine process of the 
premaxilla. The dorsal premaxillary foramen in Jabuya corresponds to the 
posterior premaxillary foramen described in |’aranus (BUHL, 1937) and the 
anterior premaxillary foramen seen in that lizard being absent in the skink. 


i 


There is a ventral premaxillary foramen in | aranus also. These dorsal and 
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ventral foramina of Mabuya serve respectively for the exit and entry of a 


ramulus of the ophthalmicus branch of the trigeminal nerve. 

In Lacerta (PARKER, 1880; GAupp, 1906) the premaxillae arise during devel- 
opment independently and fuse later. In Gerrhonotus (KINGSLEY, 1926), Scelo- 
porus (ApaAms, 1936) the premaxillae are unpaired with a long nasal process 
as in many of the lacertilian genera previously mentioned. In Lygosoma 
(Pearson, 1921) and Chalcides (Haas, 1936) the premaxillae are separate as 
in Mabuya. 

The maxillae( figs. 3, 4,8,8ama- ; fig. 11) : One on each side of the premaxilla, 
forming the lateral boundary of the anterior region of the skull is the large 
dentigerous maxilla. Each maxilla articulates in front with the premaxilla 
(pmx), prevomer (pv) and septomaxilla (spm), posteriorly with the lacrimal 
(la), jugal (ju) prefrontal (prf), ectopterygoid (ecp) and palatine (pal), and 
dorsomesially with the prefrontal, frontal (fr) and nasal (na). The anterior 
limb of the maxilla shows a fork; the outer or lateral (figs. 3, 8, 11, alp) 
limb of the fork is short and pointed and rests on the outer posterior edge of 
the premaxilla. The inner mesial limb (amp) comes in contact with the pre- 
vomer, extends below and in front of the septomaxilla between the posterior 
edge of the premaxilla and the anterior portion of the prevomer. At the root 
of the anteromesial process (amp) of the maxilla there is a short obliquely 
vertical ridge (fig. 11 b, rv) which fits into a concavity on the dorsal side of 
the septomaxilla. lorming the posterior boundary of the anterior nasal fossa 
and also a roof to the nasal capsule there is a broad convex lamella of bone 
given off from the alveolar portion of the maxilla (film) articulating with the 
nasal and partially overlapping the prefrontal (fig. 3, prf). Ventrally, extending 
inwards, almost at right angle to the facial limb and the tooth bearing edge of 
the maxilla there is a broad palatine process (figs. 4, 8a, pma) just latero- 
posteriorly to the choana (ch). The posterior limb of the maxilla dorsally shows 
a deep groove (fig. Ira, gr) for the maxillary process of the jugal (figs. 
3, 4, mp/). 

At the base of the facial process of the maxilla there are 3—5 large for- 
amina (figs. 5, 11 b, mf) arranged in a row. In addition to these there is a vari- 
able number of smaller foramina. These serve for the exit of the cutaneous bran- 
ches of the superior alveolar nerve which runs in the alveolar portion of the 
maxilla, This nerve along with an artery enters the bony canal through a large 
opening situated about the middle on the inner side of the base of the palatine 
process of the maxilla (figs. 4, 8a, pma). The alveolar canal opens anteriorly 
through a small dorsal aperture (fig. 11 b, alf) at the root of the anterior 
mesial limb of the maxilla (amp). The anterior maxillary foramen on the ventral 
aspect of the anterior end of the maxilla seen in |“aranus (BAHL, 1937) is not 
noticed in Mabuya. 

On the palatal aspect, the maxilla carries 21—26 pleurodont and homodont 
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In some of the skulls a double row of teeth is noticed. 


lined, we notice only a single row borne on the 
a double row 


xillae. In Lygosoma (PEARSON, 1921) 
alizarin preparation of Lygosoma skull also shows a 


‘incus (1¢L-Toust, 1938) a single row of about twenty 


fused premaxillae is reported. In 


illa and four teeth in tl 
teeth ; 23 are found on the 


1ax1] 


ta ( TRAVASSOS. 


1940) there are 27 

illae, No double row of teeth has been recorded 
s (IYER, 1943) as in the other Agamidae (SMITH, 1935) 
amphisbaenids (ZANGERL, 


dentition is 


ymparatively larger than 
e two nasals are slightly 
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hich sits on a triangular face 


portion of the bone 
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Fig. 12. Left palatine bone of adult Mabuya carinata Schneid., alizarin preparation; 
(a. ventral view; b. dorsal view). 


mpl maxillary process of palatine; of/ dorsal limb of palatine; p/r mesial ridge of palatine; 
pir’ anterior margin of the dorsal limb of palatine; ppl pterygoid process of palatine; vp! 
prevomerine process of palatine. 


LAIRS, 1949) and //emidactylus (MAHENDRA, 1949). The frontals form a solid 
bony ring around the olfactory lobes of the brain in Amphisbaenids (ZANGERL, 
). 

In Lygosoma, PEARSON (1921) described paired frontals but in the adult skull 
examined by us the bone is single and does not overlap the parietal as mentioned 
by him. Obviously, the bone arises as paired ones and later fuses as in Calotes 
(IYER, 1943; RAMASWAMI, 1946). The bones are seen as paired entities in the 

mm stage of Vabuya studied by us. The frontals persist as paired bones 
in the adult skulls of Lacerta (PARKER, 1880), Heloderma (Scuvretpt, 1890), 
Pachydactylus (Brock, 1932), Chalcides (HAAs, 1936), Varanus (BAHL, 1937) 
and Scincus (Iu-Toust, 1938). The bone is single in Uromastix (SrpGwick, 
1905), Lupinambis (REESE, 1923), Gerrhonotus (KINGSLEY, 1926), Ablepharus 
(Haas, 1936), Sceloporus (Apams, 1936), Agama (EL-Tvopt, 1947) and 
Hemidactylus (MAHENDRA, 1949). In the Amphisbaenidae the frontal may be 
paired ossifications or it may be fused with the parietals to form one large 
plate as in Bipes biporus (ZANGERL, 1944). 

The prefrontals (figs. 3, 5, 6, 8, prf): Flanking more or less the anterior 


half on the frontal, each prefrontal comes in contact with the maxilla as 


already said. It has a triangular ventroposterior limb (figs. 3, 5, prf’) which 


forms a vertical bony wall between the orbit and the olfactory capsule, thus 
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forming the posterior boundary of the latter. Ventrolaterally the posterior 
(prf’) laterally forms the median border for the nasolacrimal orifice (/no ) 
the lacrimal bone (/a). Dorsomedially the posterior limb of the prefrontal 
les in contact with the lateral ventral process of the frontal bone (see fig. 6) 
alae a continuous arch. In front of this articulation there is a short bony 
process ( fig. 6, bpr). 
This bone is universally present in the lacertilians. The prefrontal of the 
Lygosoma resembles very much that of Mabuye. 
(figs. 3, 5, 8, Ja): They are two tiny bladelike bones situated 
side in the anteroinferior angle of the orbit. Each bone has a 
ridge on the external and posterior aspect of the nasolacrimal orifice (fig. 
The main posterior portion of the blade which is broader comes in 
with the dorsolateral corner of the prefrontal in front of the naso- 
ifice. PEARSON (1921) stated in Lygosoma that “It does not come in 
with the prefrontal.” In the adult Lygosoma examined by us it is seen 
nall splint sitting on the maxilla in front of the nasolacrimal foramen. 
view of the skull it is not seen. 
 nasolacrimal orifice is carried only by the lacrimal in some lizards 
other lizards it is bounded by the lateral border of the 
VWabuya, ete.). 
always met with in Lacertilia. It is absent in forms like 
and in some amphisbaenids (ZANGERL, 1944) and Uro- 
In Pachydactylus Brock (1932) does not 
fi 23). Probably it is absent. 
or the corresponding adlacrimals 
absent in Wabuya and Lygosoma. 
par): This is a large single plate of bone 
mporal region showing the medial parietal foramen 
d by the ossified parietal scale. Extending slightly down- 
rds and outwards from the posterolateral aspect is the supra- 
or the processus parietalis (pp) coming in contact with the 


‘ista parotica (cp) of each otoccipital (oc) and forming 


fa gap (see below,—fossae) enclosed between it and the 


the auditory capsule. The supratemporal process pos- 
mesial border of the supratemporal bone (stp). Anterior 
it also touches the squamosal (sq). Posteriomesially, there 
funnel-shaped tunnel-like space,—the fossa parietalis lodging the carti- 
laginous portion of the processus anterior tecti of supraoccipital (figs. 3, 6, “i 
pa). This articulation affords one of the kinetic points for the internal 
[ skull. 
ventral surface of the bone is trough-like, the ventrolateral longitudinal 


extensions of the bone forming the lateral margin of the trough. 
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The ligament connecting the parietal with the dorsal tip of the epipterygoid is 
inserted on the middle of this process where it is most conspicuous. Such down- 
ward projections of the parietal have also been noticed in Acontias by Brock 
(1941) and in some turtles like Chelydra (b’BELLAIRS, 1949) where they join 
the pterygoids below. 

In the adult lacertilian the parietal is generally single as in Uromastix 
(SEDGWICK, 1905), Gerrhonotus (KINGSLEY, 1926), Ablepharus (Haas, 1936), 
Sceloporus (ADAMS, 1936) and Calotes (lyER, 1943). According to pe BEER 
(1937) it is single in Lacerta agilis, while according to PARKER (1880) it is 
paired, In some amphisbaenids (Amphisbaena, Geocalamus, ZANGERL, 1944) 
the single parietal is separate from the paried frontals; in Bipes the frontals 
and parietals are united together. A parietal foramen is absent in these forms 
as well as in Tupinambis (REESE, 1923) and Hemidactylus (MAHENDRA, 1949). 
In Sceloporus (ADAMs, 1936) and Agama (I*t-Tountr, 1947) the parietal for- 
amen is peculiarly disposed between the frontal and parietal while in Uromastix 
( SEDGWICK, 1905) it lies entirely in front of the frontoparietal suture. In Amphi- 
bolurus (Brpparp, 1905) “‘the foramen is large and longitudinally oval and the 
suture between the frontal and parietal bone touches the foramen equatorially.” 
In Heloderma (SCHUFELDT, 1890) there is only a vestigial one on the ventral 
surface of the parietal which does not pierce the bone. 

In the examined late stage of Lygosoma, PEARSON (1921) recorded the parie- 
tal as two strips on either side of the brain and that the supratemporal fossa 
was not yet formed. In the adult skull examined by us the parietal is very 
much like that in Wabuya and between the supratemporal process of the parie- 
tal and the squamosal there is a small supratemporal fossa as in Mabuya. 
Ikven in the 43 mm stage of Mabuya the parietal is noticed as paired strips 
of bone on either side of the brain. 

The postfrontals (figs. 3, 4, 5, 6, pof): Flanking the frontal on either side 
there is the wing-like postfrontal. The anteromesial limb of the postfrontal 
projects forwards and is in contact with the frontal; the second external limb of 
the postfrontal dips ventrally with its outer edge coming in contact with the post- 
orbital (figs. 3, 4, 5, 6, po). The third flat posterior limb flanks the parietal. 

The postfrontal is described in Gerrhonotus (IXINGSLEY, 1926), Sceloporus 
(Adams, 1936), Tupinambis (VERsLuys, 1936), Lacerta (DE BEER, 1937), 
Calotes (lyER, 1943; RAMASWAMI, 1946), Uromastix (SeEpGWICK, 1905; EL- 
Toust, 1945). In Lygosoma the triradiate postfrontal which is very much like 
that in \Jabuya has been labelled as postorbital by PEARSON (1921). Similarly 
in |’aranus BAHL (1937) described this bone as postorbital, where the posterior 
limb of this bone forms with the squamosal the supratemporal arcade. In the 
Amphisbaenid skull (ZANGERL, 1944) a postfrontal and a postorbital are absent 
and, therefore, a temporal arch is not seen, According to EL-Tovust (1945) a 


postfrontal is absent in Agama and the bone which is in contact with the frontal 
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is labelled as ‘postorbital’, Further he pointed out that in the 

id l romastix the occurrence of the bone was fortuitous, BeDDARD (1905) 
‘ded the absence of the postorbital in Chlamydosaurus, Amphibolurus and 
In the Gecko, Pachydactylus (Brock, 1932) there is a vestigial 
-bital is absent in Lygodactylus (Brock, 1932). In Helo- 

1890) the postfrontal extends anteriorly and unites with 


preventing the frontal from participating in the formation of 


Laterally to the postfrontal there is a tiny, 

the postorbital, whose anterior end proceeds 
postfrontal. Generally the postorbital is 

ital and along with the squamosal bounds the supra- 
(Verstuys, 1936), Ablepharus, Chalcides 

7). But in Mabuya the bone 

anterior region. A postorbital is absent in Lygosoma 

bone which PEARSON (1921) has labelled ‘postorbital’ 1s 


| TOUBI | 193d) labelled this bone as the 


represented both the postfrontal and_ the 


mbryological evidence in support of this 
1943) the jugal is 

v. In Pachydactylus 

is absent. In Acontias 

is present, the postfrontal being absent. 
soma: however BROCK | 1932, 

<ull of geckos noted that in the 

‘aces of thickened tissue 1n 

uggested the quadratojugal of 

that in 77 iqua scincoides there was a bony 

d external to the squamosal, A similar ossicle 

by Brock. Ex-Touni (1938) figured in 

of the quadratojugal attached to the 

maxilla and pointed towards the lower head 

of this bone is, however, doubtful. A distinct 

ilia. Reese (1923) labelled in his figure 

) the bone corresponding to the postorbital as the 

it as forming with the squamosal “the slender bar 

ral boundary of a large space that is called in the 
mporal 


gal is labelled but the homology is doubtful; very probably it 


fossa’. In Gerrhonotus (IKINGSLEY, 1926) also 


presents the posterior process of the postfrontal. 
he squamosals (figs. 2, 4, 5, 7. sg): Externally to the postfrontal and post- 
3,45 557 


ital, the pointed anterior extension of the squamosal is noticed. Medially it 
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Fig. 13. Left prevomer of adult Mabuya carinata Schneid., alizarin preparation; (a. ventral 
view; b. dorsal view). 
do foramen for the entry of palatine nerve and artery; dpr, dpr’ mesial and lateral dorsal 
palatine processes of prevomer respectively ; ojc outline of Jacobson’s calcified cartilage; 
pmp premaxillary process of prevomer; pur arch-like projection of prevomer; 7 continuation 
of the arch; vo ventral anterior foramen for the exit of palatine artery and nerve; vpr 
ventral process of prevomer. 


comes in contact with the processus parietalis of the parietal forming the 


posterior boundary of the supratemporal fossa (figs. 3, 4, stf). Posteriorly it 


Q 


diverges away from the supratemporal process of the parietal (pp) and has a 


short laterally directed process (figs. 3, 4, 7, /p) which sits on the quadrate (q) 
and extends into the large gap (gap’) as in Lygosoma (PEARSON, 1921), 

The squamosal is lacking in the amphisbaenids (ZANGERL, 1944). In all other 
lizards it is present and does not show much variation. 

The jugals (figs. 3—6, ju): Each jugal is a bow-shaped bone with blunt ends 
and a broad middle region. The maxillary process of the jugal (fig. 3, mp7) 
reaches as far as the lacrimal and lies in a groove of the posterior limb of the 
maxilla as mentioned above (see maxilla). The temporal process of the jugal 
(fig. 5, tp7) runs diagonally upwards, its dorsal end lying just behind the post- 
orbital. Thus it separates the orbit from the incomplete infratemporal fossa. At 
the region the temporal process starts i.e., in the broadest region of the jugal, 
a foramen (fig. 5, fj) through which a ramulus of the maxillary branch of the 
trigeminal nerve passes is noticed. A similar foramen is also been in Lygosoma 
(Pearson, 1921). In Mabuya on the inner aspect of the bone, anterior to this 


foramen there is a facet (fig. 4, fje) which provides articulation to the ecto- 
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Kk. 
pterygoid, The temporal process of the jugal in Mabuya is not connected with 


the postorbital either by ‘a slender cord of cartilage’ as in Varanus (BaAuL, 
1937), nor does it extend and meet the postorbital as in Uromastix (SEDGWICK, 
Scincus (EL-Tovust, 1938), Calotes (1YER, 1943) and Agama (E1L-Tovst, 


A jugal is absent in Lygodactylus (Brock, 1932) and in the Amphisbae- 
1944). Pachydactylus exhibits a minute jugal (Brock, 1932). 


ratemporals (figs. 3, 5, 6, 7, ste): Wedged in between the posterior 
squamosal on the outer side and the processus parietalis posterior 
nesial side is the peg-like supratemporal sitting upon the crista 


3, 7, cP) of the otoccipital (oc). The pointed anterior end of 
gainst and is slightly overlapped by the squamosal (sq). 
poral is noticed in Uromastix (SEDGWICK, 1905), Lacerta 


Lygosoma (Prarson, 1921), Pachydactylus (Brock, 1932, 
), | aranus ( BAHL, 1937; labelled squamosal by KInGsLEy (1925) 
Ison (1948)) and Calotes (IyER, 1943). This bone is absent in the 


Amphisbaenids ( ZANGERL, 1944). 
lhe prevomers (figs. 4, 6, 8, pu; fig 


n boundary of the opening of the organ of Jacobson (figs 


13): On the ventral aspect of the skull, 


8, 8a, ch) are the paired prevomers 


posterior nares (figs. 4, 8, § 
of the palate. Anteriorly each prevomer 
8a, 13a, 13 b, which meets the 
(figs. 4, 8a, pup). At the base of this 
is a funnel-like opening (figs. 4, 8a, 13a, vo) for the 


ion of the palatine nerve and artery. The anterolateral 


ner articulates with the anteromesial process of the maxilla 
Posteriorly to this articulation the reniform opening of 
1. In text-figure 8 a the left maxilla has been removed 

fice lies ventral to the septomaxilla (spn). 
nall arch-like projection (fig. 8, 13 b pur) 
like portion. At the base of the mesial edge of this 
lo) for the entry of the palatine nerve 


a 


fig. 131 
in a bony canal whose anterior 


mer 


4, 8a, 13a, vo). In the prevomer 


lorsal orifice mentioned above opens on the ventral side 
| orifice which is situated just anterior to the dorsal orifice. This 
of a small vein from the posterior part of Jacobson’s organ. 

- three palatal processes; one blunt and ventral (figs. 8, 

ind the other two, longer and dorsal in position (dpr, dpr’). The 
the floor for the organ of Jacobson and the olfactory organ. 
3a, 13b, pur) a 


rs form 
of the arch-like projection of the prevomer (fig. I; 
(ojc) has been noticed partially projecting 

It is uniformly noticed in all the skulls 


-snaped 


opening of Jac 
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of Mabuya examined by us and for descriptive purposes, we propose to call it 

‘Jacobson’s calcified cartilage’; the position of the cartilage has been shown in 
figs. 8a, 13a (ojc) by broken lines. 

The prevomer is unpaired in Lacerta (DE BEER, 1937), but PARKER (1880) 
delineated them as paired. It is unpaired in Chalcides (Haas, 1936), Acontias 
(DE VILLIERS, 1939), and Calotes (IyER, 1943). PEARSON (1921) described 
unpaired prevomer in Lygosoma. In our specimen of Lygosoma it is paired and 
the sutural line in the anterior region is difficult to make out. It is possible that 
in some species of Mabuya and Lygosoma the prevomers are unpaired. This 
needs collection of Mabuya from different localities and examination of the 
prevomers. 

The septomaxillae (figs. 3, 5, 8, spm): These bones extend on either side 
of the nasal septum forming a roof and mesial wall to the organ of Jacobson. 
Anteriorly each septomaxilla shows a blunt process (fig. 8, prs) which is seen 
in the dorsal view of the skull through the anterior nasal fossa. The main body 
of the bone forms an elevation over Jacobson’s organ with a vertical dor- 
somesial rim flanking the nasal septum. This ridge is produced posteriorly in 
the form of a short handle. Ventrally to the anterior process of the septomaxilla 
the anteromesial limb of the maxilla projects to articulate with the prevomer. 
On the dorsal side in the groove between the elevated portion and dorsal ridge 
there is an orifice leading into a bony canal and opening anteriorly in the an- 
terior margin of the bone, serving for the passage of a branch of the ethmoid 
nerve. 

A septomaxilla is described in Lacerta (Gaupp, 1906), Lygosoma (PEARSON, 
1921), Ablepharus (Haas, 1935), Chalcides (Haas, 1936), Varanus (BAuL, 
1937) and Calotes (lyeR, 1943). LAPAGE (1928, p. 411) stated that “‘the 
septomaxillary of all the reptiles investigated forms the floor of the nasal cavity. 
Usually it flanks the septum nasi medially to a greater or lesser extent posteriorly ; 
laterally it may not form the side-wall of the nose.” In Mabuya the septomaxilla 
forms a complete roof to the organ of Jacobson, flanks the nasal septum 
medially and it does not form the side wall of the nose. It is not a flat plate 
as generalised by LApaGeE for the lizards. 

The disposition of the septomaxilla in !“aranus differs from that of Mabuya; 
while the entire bone is seen from the dorsal aspect of the skull in Varanus, 
in Mabuya it cannot be seen unless the nasal bone is removed. The bone is 
delineated in the figure of Uromastix (SEDGWICK, 1905) in the palatal aspect 
but SAKSENA (1942) does not figure it. The bone is absent in Chameleon (Haas, 
1937, 1947). 

The palatines (figs. 3, 4, 6, 8, pal; fig. 12): These are broad bones; antero- 


laterally each palatine comes in contact with the palatal process of the maxilla (fig. 


4, pma) by means of a broad maxillary process of the palatine (fig. 4, of/; figs. 


8, 12, mpl), anteromesially it meets the prevomer by a bifid prevomerine process 
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Fig. 17. Dorsal view of the sphenoid of adult Mabuya carinata Schneid., alizarin preparation. 

(The cartilaginous epiphysis between the basipterygoid process of sphenoid and pterygoid 

is shown on one side; the arrow on the left (a’a’) indicates the passage of the Vidian canal 
and that on the right (a’a’) the course of abducens nerve.) 


af foramen for the entry of abducens canal; ap alar process; ave anterior opening of Vidian 

canal; bpp basipterygoid process of sphenoid; ca foramen for the branch of carotid artery ; 

ce cartilaginous epiphysis of basipterygoid process; cce calcification in the cartilaginous 

epiphysis; cr crista sellaris; hp hypophysial fossa; ios interorbital septum; pmy posterior 
myodome; fr incomplete presphenoidal rostrum. 


Fig. 18. The hyobranchial apparatus of the adult Mabuya carinata Schneid., alizarin pre- 
paration. Ventral view. (The left half is completely drawn; cartilage is shown by heavy 
stippling. ) 


c cartilaginous portion of processus entoglossus; c’ cartilaginous portion of hyoid cornu and 

ceratobranchial; ca ceratohyal; cbrr first ceratobranchial; chr2 anterior portion of second 

ceratobranchial; ebrr first epibranchial; ebr2’ posterior portion of second ceratobranchial 
with second epibranchial; eh epihval; hh hypohyal; pe processus entoglossus. 


| 
@ //f | \ 
/ \ > 
CORT 
\ CA 
SS 
43 


M. K. M. RAO and L. S. RAMASWAMI 


of the palatine (figs. 4, 8, opv; figs. 8, 12, vpl) and posteriorly by a pointed 
projection the pterygoid projection of the palatine (fig. 4, opp; figs. 8, 12, ppl) 
with the pterygoid (pt). The prevomerine and pterygoid processes of the pala- 
tine are spanned by a dorsal ridge running mesially (figs. 6, 8, 12 b, pir). Similar- 
is another ridge (figs. 8, 12b, pir’) running from the prevomerine 
(vpl) towards the posterior edge of the maxillary process of the pala- 
(mpl). The ridge just now described (f/r’) comes in contact with the pre- 
| thereby completing the anterior orbital wall. The shape and extension 

his process (see figs. 8, 12a, 12 b) appears to vary very much. 
The palatines do not meet each other mesially even for a short distance as 
scribed in the young Lygosoma (PEARSON, 1921) or in its adult skull examined 
‘us and therefore, the nasopalatal groove is clearly noticed, In Wabuya, when 
bone is viewed mesially it shows a deep open gutter between the dorsal 
itudinal ridge (fig. 6, flr) and the ventral portion of the palatine. This 
the sulcus palatini, between the two limbs accommodates the mucous 
into the buccal cavity as also described in Chalcides by 
In the mesial nasopalatal groove, the ventral edge of the inter- 
fig. 4, 10s) is seen. Thus the formation of a secondary palate by 
the palatine is hinted at, a fact which was first described by 
rotetti, however, LAKJER (1927) described a close 
lamellae of the palatines forming a secondary 
the sulcus palatini (figs. 47, 51) though dorsally the sulcus 
since the palatine extensions were also incomplete. Similarly in 
Laxyer. But (1936) following BoULENGER 

utilised the approxim 

and Lygosoma which is not correct since this character appears 
itous. An examination of all the species of Mabuya and Lygosoma 


nber of forms in each where the palatines may approximate 


noticed in all the lacertilian skulls. In the amphisbaenids 

the exact contour of the bones is not clear; however, in 
limitation is clearly marked. 

(figs. 4, 5,6, pt): Each pterygoid is a tripronged bone, coming 

tine (pal) by the pointed, anteromesial palatine process 

pt; fig. 8, ppt): by a lateral articular facet or trans- 

) with the ectopterygoid (ecp) and by a long shaftlike 

y directed quadrate process of the pterygoid (qpt) 


with the quadrate (q). This part of the pterygoid has not 


ure 6, Where these three processes meet, the bone is broad 


large teeth (fig. 4, pte). Just posterior to this region the 
of the sphenoid (bpp) articulates with the pterygoid. 


‘ticulation there is a deep large elongated depression whose 
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outline (fig. 5, ofp) is drawn, for accommodating the ventral end of the pillar- 
like epipterygoid (ept). In front of this fossa, there is a small orifice for the 
passage of a nerve ramulus. In the adult Lygosoma examined by us there are 
two pterygoid teeth near the basipterygoid articulation. Lacerta (PARKER, 1880) 
and Scincus (It-Toust, 1938) also possess pterygoid teeth; the triradiate 
pterygoid is edentulous in Gerrhonotus (KINGSLEY, 1926), Sceloporus (ADAMS, 
1936), Tupinambis (VeERsLuys, 1936), Chalcides (Haas, 1936), Varanus 
(Bau, 1937), Acontias (DE VILLIERS, 1939), Calotes (IYER, 1943) and Uromas- 
tix (SEDGWICK, 1905). In the amphisbaenids (ZANGERL, 1944) the pterygoid is 
toothless and is disposed as in other lizards, but in one of them (Bipes), it 
appears to have united with the palatine and maxilla anteriorly. 

The ectopterygoids (transpalatine, os transversum) (figs. 3, 4, 5, 6, ecp): 
The ectopterygoid stands between the maxilla-jugal and the pterygoid. Mesially 
it forms a sheath for the transverse limb (fig. 4, tpt) of the pterygoid and 
laterally has a facet for the jugal (fje). In front of this bone is the large palatine 
vacuity (figs. 3, 4, puc). 

The ectopterygoid in Mabuya comes in contact with the maxilla and jugal 
externally and mesially with the pterygoid; this is also noticed in Uromastix 
(SEDGWICK, 1905), Lygosoma (PEARSON, 1921), Gerrhonotus (KINGSLEY, 
1926), Ablepharus (Haas, 1935), Chalcides (Haas, 1936), Tupinambis (VER- 
SLUYS, 1936), V'aranus (BAHL, 1937) and Calotes (IyER, 1943) ; in the amphis- 
baenids (ZANGERL, 1944) the palatine, ectopterygoid and pterygoid are suturally 
united so that a fenestra suborbitalis is aborted, 

The dentary (figs. 9, 9a, den): Forming the distal half of the lower jaw is 
the large dentigerous dentary bone! carrying 26—50 pleurodont teeth (p/t) and 
enclosing Meckel’s cartilage. Posteriorly the bone shows a wide fork, the 
upper limb,—the coronoid process (cpr) comes in contact with the coronoid 
(cor) and supraangular (san) and mesially with the splenial (spl); the lower 
limb comes in contact with supraangular, angular and splenial. Laterally, each 
dentary shows six orifices (fd) (foramen dentofacialia, GAupp, 1911) for the 
exit of the branches of the inferior alveolar nerve of the mandibular branch of 
the trigeminal nerve proceeding to the skin. Mesially, in the anterior portion of 
the lower jaw generally (Uvromastix SEDGWICK, 1905) a sulcus cartilaginous 
Meckelii is visible between the two lamella of the dentary and also between the 
dentary and the splenial accommodating Meckel’s cartilage; such a groove is 
not seen in W/abuya in the mesial view of the lower jaw. But when the dentary 
is taken out or when the splenial is removed and the former bone is studied, it 
shows two canals on its inner mesial aspect. One is anterior to the other and 
at a higher level. The anterior one is the sulcus accommodating Meckel’s 
cartilage ; the posterior one which is at a lower level serves for the passage of 
the inferior alveolar nerve. At the anterior ends of the dentaries in Wabuya, 


1 Teeth are omitted from the dentary in figure 9. 
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s show flattened surfaces (fig. 9a, sm) which are connected by 


4 


ve tissue and this is the symphysis mandibularis. This symphysis 


1 / 
the dentaries also carry 
ire generally smaller than the 


1943) teeth 


in the dentary 
In \/abuya the 


11 is the mental 


acerta and 
his flat plate- 
moid pro- 


an articular facet 


passed through 


a Meck lit 


fovea articularis 
ito the hollow supra- 
In older skulls, laterally 


two cannot be separated as 


is ligamentous 1 
In some ot t 
ouble row of te 3 
: est and can be called the incisors. In the agamid Calotes (IYER, - 
erodont and acrodont. 
In | aranus BAHL, 1Q37 ) there are e1gh foramina laterally 7 
nd the largest posterior one 1s lled the mental foramen : 
it } iC] I Lil lldi LOTa hl, 
TOoramen Out Ot the six oral na 1s the largest al 
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: erve and mandibular artery enter and the mandibular vein take exit. At the eee a. 
ysterior €1 f the fossa Meckeli there is another orifice (fem). Laterally th 
is of nervus cutaneous recurrens ixillae inferioris of mandibular 
: ran of the trigeminal (probably the same as foramen nervi auriculo Pe OS ce 
mporalis otf Lacerta, GAUPP, IQII,—see \VERSLUYS, 1936, p. 750, tig. 575) 
OT¢ eT) eC TOssa and l anterior One (118. YQ, a whicn 
. bigger is for the branch of the mandibular nerve. A briste ae 
1 posterior foramen (fcm’) enters the posterior portion of the foss 
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passed through the larger anterior torame1 fig. 9, fa) enters the hollow ot : Me 
he supraangular bone above the fossa Meckeli. In 
far) there is a small foramen (fig. 9 a, for) which lea oe Se eee 
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in Chalcides (Haas, 1936) and Agama (EL-Tovust, 1947). The separating line 


between the two bones is, however, retained in the figure drawn. 

The angular (figs. 9, 9a, ang): The angular is a large splint-like bone with 
the anterior end pointed and the posterior end truncated. It forms the ventro- 
median and ventrolateral edges posteriorly to the dentary bone. Laterally there 
is a small foramen (fig. 9, fan) for the exit of a ramulus of the nervus al- 
veolaris inferior. Such a foramen is also seen in Lacerta (Gaupp, 1911, for. 
nervi. mylohyoidei), Varanus (BauL, 1937) and Calotes (lyeR, 1943). 

The splenial (fig. ga, spl): Mesially disposed in front of the angular and 
prearticular portion of the articular and coronoid, the splenial is a broad 
wing-like bone. It shows a large oval orifice for the exit of the combined 
branches of the mandibular and chorda tympani nerves (fig. 9a, osp). 

Both in \Wabuya and Calotes at the posterior end of the sulcus cartilagi 
Meckelii there is an oval notch between the dentary and the splenial. In Varanus 
( BAHL, 1937) this notch contains a foramen through which the inferior alveolar 
nerve enters the dentary. In Calotes (IyrR, 1943) this notch has been labelled 
as the foramen for the exit of a branch of the nervus alveolaris inferiores, 
while in Varanus (BAHL, 1937, fig. 17, aib) there is an orifice ventrally to 
this. In .Jabuya there is no such orifice. 

Usually, in the lower jaw of the lizards six bones are present; the prearticular 
or goniale of some authors is united with the articular. Among the amphisbaenids 
(ZANGERL, 1944) clear outlines of a dentary, supraangular, coronoid and angular 


can be made out; in -lgama (-L-Toust, 1947) the splenial is absent. 


CARTILAGE BONES. 


xcept the orbitosphenoid and the presphenoidal rostrum all other cartilage 
bones are found in the occipito-auditory region of the skull. The entire occipito- 
otic segment can be easily removed by separating the parietal and bones of the 
supratemporal arch and cutting the interorbital septum in front of the pre- 
sphenoid. 

I’xamining this region from the dorsal aspect (fig. 10) the occipital region 
exhibits a pair of otoccipitals (oc) (exoccipital plus opisthotic), a supraoccipital 
(plus epiotic) (soc), and the projecting portion of the basioccipital (boc) both 
anteriorly and also between the otoccipital condyles. The prootics (pro) lie on 
either side of the supraoccipital bone. 

The supraoccipital (figs. 3, 10, 10 b, soc; 14) forms the roof of the occipito- 
auditory region and shows anteriorly a short process,—the processus anterior 
tecti (pat) projecting towards the posteromedial border of the parietal tipped 
with a cartilaginous portion (cpa) which fits into the parietal fossa. The anterior 


border of the supraoccipital is devoid of any bony articulation, the space between 
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edian border of the parietal being filled with connective 


along with the boss and socket like arrangement between the pro- 
r tecti and the parietal fossa affords one of the important kinetic 
the skull of MWabuya, as in other lacertilian skulls. Ventromesially 

the supraoccipital extends up to the posterior acustic foramina enclosing the 
endolymphatic foramen (fig. 10 b, e/f) and this region probably represents the 
opisthotic ossification which has fused with the supraoccipital. The anterolateral 
border sits on the pre otic (pro) on each side, the postere lateral border presents 
an articulation with the otoccipitals (oc) and the posterior border shows a con- 


cave outline forming the upper boundary of the foramen magnum. 


When the supraoccipital cup of each auditory capsule is taken out and viewed 
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Fig. 21. Transverse section of a 9.5 mm. (H.-L) embryo of Mabuya carinata Schneid., 
through the anterior fissura metotic region. 


alrt apertura lateralis recessus scalae tympani; bp basal plate; br brain; ca internal carotid 

artery; fap foramen acusticum posterius; fbc’ small basicranial fenestra; fme fissura me- 

totica; ff foramen perilymphaticum; fsa fossa subarcuata; fv fenestra vestibuli; jy 

hyomandibular branch of facial nerve; jv jugular vein; pin pars inferior; q quadrate; sta 
stapedial artery; tw: tympanic membrane; tma taenia marginalis. 


from inside (fig. 10d), it is noticed that the dorsal chamber of the sinus su- 
perior utriculi (ss) enters into another chamber where the anterior (asc’) and 
posterior (psc’) semicircular canals merge with the sinus. Anteriorly to this, 
the passage for the endolymphatic duct (en) is seen. At the anterolateral corner 
of the cup, an opening in the bone, being the passage for the anterior semicircular 
canal (asc) and in the middle of the posterolateral region similarly an opening 
of the posterior semicircular canal (psc) are noticed. 

In our alizarin preparation of Lygosoma the cartilaginous portion of the 
processus anterior tecti shows an almost total calcification, In Calotes (Iver, 
1943) there is an uncalcified cartilaginous tip as in MWabuya but in T"aranus 
(BAHL, 1937) the processus is cone-like and wholly cartilaginous. In Hemidac- 
tylus (MAHENDRA, 1949) the processus, although present, is rudimentary. 

In the amphisbaenids and Chameleons (SEDGWICK, 1905) the supraoccipital 
forms a suture with the parietal anteriorly. 

The otoccipitals (figs. 3, 4, 6, 7, 10—10¢, 15, oc): Each otoccipital (ex- 
occipital plus opisthotic) has a posterolaterally directed process, the crista 
parotica (cp) (parotic process, BAHL, 1937) showing a cartilaginous epiphysis 
(c) with which the posterior cartilaginous portion of the quadrate (figs. 3, 4, 
7, cq) articulates. Ventrally the crista parotica shows a small bony prom- 
inence,—the processus paroticus (figs. 4, 10a, ppr) to which the extraplectral 
ligament (ef!) of the columella is attached. The otoccipital extends anteriorly 
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d ventrolaterally forming the posterior and the mesial borders of the fenestra 


vestibuli (fig. 10a, fz’). Ventromesially it extends as far as the basioccipital 


(fig. 10a, hoc) enclosing the prominentia cochlearis (pc) and also forming 


the posterior portion of tuberculum spheno-occipitale (figs. 7, 10 a, ts). Postero- 
sially it also forms the lateral aspect of the condyle (figs. 3, 4, 6, 7, 10. 
10 b, ). The ventromesial border of the otoccipital articulates with the lateral 


border of the basioccipital. Dorsolateral to this articulation, between it and the 

ochlea and the posterior ampullary prominence of the posterior semicircular 

rge gap,—the fenestra metotica (figs. 5, 6, 10 b, fm) and the jugular 


foramen (figs, 4, 6, 7, 10 b, jf) are noticed in the mesial aspect of the occipito- 


~ 


segment. The fenestra rotunda (figs. 10 c, 15, fro), a large elliptical orifice 
nsmits the glossopharyngeal nerve is seen posterior to the fenestra 

estibuli. The internal orifice of the glossopharyngeal nerve is a minute for- 
') placed just above the fenestra metotica (fm). Ventrally 


to the jugular foramen (X, X/) the hypoglossal nerve gets exit through three 


poglossal foramina (/hyf) 
In the inner view of the otoccipital (fig. 15) it is seen that it shows a large 
ipsularis (ccl), a mesial chamber for the sinus superior utriculi region 
lepression for the endolymphatic duct (en). According to PEARSON 
)21) the opisthotic extension in Lygosoma is in front of the jugular foramen 
sing the sinus superior utriculi region. According to BAHL (1937) also 


of th jugul ir foramen is formed by the opisthotic part and 


her stated that the posterior part of the auditory capsule and the par- 


process also belonged to the opisthotic part. However, in Wabuya the 
pisthotic part of the otoccipital is difficult to distinguish. 


basioccipital (figs. 4—7, 10—10 b, boc): Forming the floor of the brain 
hypophysial region is the broad plate-like basioccipital. It also con- 


ec the pars condvloidea or the median con lvlar portion (hypocentrum of 


the proatlas vertebra) (figs. 4, 6, 7, 10—10b, bc) and even in aged animals, 
ind median portion of the occipital condyle could be easily made out. 


Posterolaterally are the spheno-occipital processes forming the tuberculum 
spheno-occipitale (figs. 4, 10a, ts) along with the otoccipital portion on which 
portant muscles are inserted. In l’aranus (BAHL, 1937) and Calotes (IYER, 
1943) the anterolateral border of the basioccipital has a wing-like process where 
joins with the prootic forming the tuberculum spheno-occipitale and it is 


ipped with cartilage. Such an epiphysial cartilage is not seen in Mabuya or 


In Varanus (BAHL, 1937), Calotes (lyER, 1943) and Agama (KE L-Tovst, 
1947) the tripartite nature of the condyle can be clearly made out. In Scincus 
(EL-Tovusi, 1938) all the occipital bones have fused with no trace of sutures 
and the condyle is probably formed by the basioccipital only. 


In the skull of Lygosoma that we have studied, the condyle does not present 
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any sutures. In Mabuya, the otoccipital and the basioccipital condyles are 
covered over by a cartilaginous epiphysis (fig. 7, cep). 

The prootics (figs. 4, 5,6, 10—10¢, 16, pro): Each prootic forms the lateral 
floor, side and roof of the otic region, enclosing the anterior (figs. 10—10¢, 
asc) and lateral (/sc) semicircular canals and also forming the anterior part of 
the cavum capsularis. A large part in front of the anterior semicircular canal 


10 


(figs. 10—10¢, asp) is of membranous origin. In the incisura prootica (fig. 
b 


ip) the trigeminal nerve takes its exit. Mesially the anterior inferior pro- 
cess of the prootic meets the basioccipital (boc) and anteriorly to this is the 
median sphenoid (sp). A little distance behind the incisura prootica, the internal 
orifices of the facial nerve (figs. 10 b, 16, fi) and the acustic foramina (faa, 
fap) are seen placed mesially in a deep concavity of the bone. The external 
orifice of the facial nerve (figs. 4, 10a, ff) is situated on the ventral side at 
the base of the posterior portion of the anterior inferior process (aip) of the 
prootic. 

The auditory nerve enters the cavum capsularis by three acustic foramina ; 
the foramen acusticum anterius (figs. 6, 10 b, 16, faa), the foramen acusticum 
medium (fig. 6, fam) and the foramen acusticum posterius (figs. 6, 10 b, fap). 

As indicated above, the incisura prootica is a notch between the anteroventral 
margin of the anterior superior process (fig. 16, asp) of the prootic and the 
anterior inferior process of the prootic (aip). Just above the incisura, there is 
a small prootic projection (figs. 6, 10 a—10 ¢, 16, P) in front of the prominentia 
recessus utricularis (pru) for the attachment of a ligament. 

From the anterior outer margin of the inferior process of the prootic there 
starts an acutely ventrally directed crest (otosphenoidal crest of !’aranus (BAHL, 
1937) (fig. 10a, 16, cre) which runs posteriorly and ends in front of the 
crista parotica (cp) whose anterior portion is formed by the posterior outer 
process of the prootic (fig. 16, cp’). In the groove at the base of this crest runs 
the jugular vein and the palatine branch of the facial nerve. A similar groove 
has been called in l’aranus by Bau (1937) the sulcus venae jugularis. 

On the ventral aspect of the occipito-otic region a small unossified cartila- 
ginous area (figs. 4, 5, 10a, ca) is seen in the region where the prootic meets 
the otoccipital bone posteromesially. 

The intracapsular cavity of the auditory capsule of the adult Mabuya can 
be studied by removing the supraoccipital cap of the otic capsule and viewing 
it from the dorsal aspect (fig. 10 c). 

The prominentia recessus utricularis (fig. 10c, prw) can be easily made out 
in the anterior part of the prootic bone. In the mesial wall of the recessus, the 
anterior auditory nerve enters the recess through the foramen acusticum ante- 
rius. If the cavity where the recessus utricularis is contained 1.e., the cavum 
vestibularis anterius is viewed from the cavum vestibularis posterius, it is noti- 


ced that there is a bony septum in which a large circular opening (fig. 16, ivo} 
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Fig. 24. Transverse section of a 9.5 mm. (H.-L) embryo of Wabuya carinata Schneid., 
through the anterior ethmoid region. 


cec cartilago ectochoanalis; cj cartilaginous eminentia into Jacobson’s organ; fs fenestra 
superior nasi; jor organ of Jacobson; na nasal; pse’ anterior rudiment of paraseptal car- 
tilage; pic parietotectal cartilage; pu prevomer; sn septum nasi; spm septomaxilla. 


Fig. 25. Transverse section of a o5 mm. (H.-L) embryo of Mabuya carinata Schneid., 
in the anterior ethmoid region; fig. 25 is anterior-most in the series drawn. 


cc cartilaginous connexion between parietotectal cartilage and cupola anterior; cj carti- 


laginous eminentia into organ of Jacobson; fs fenestra superior nasi; jor Jacobson’s organ; 


/ta lamina transversalis anterior; n notch; pfc parietotectal cartilage; pu prevomer; sn sep- 
tum nasi; spa septomaxilla. 


a prominence (Pps) accommodating the ampulla of the posterior semicircular 
canal. 

The foramen acusticum medium (fam) which persists in the adult skull is 
seen in the dorsal, anterior and inner corner of the cavum in the fig. roc. 

The dorsal cap of the otic capsule formed by the supraoccipital cup and 
containing the dorsal part of the cavum vestibulare posterius is already descri- 
bed under the supraoccipital bone. 

The sphenoid (figs. 4, 5, 6, 10—10b, 17 sp): The united basisphenoid and 
parasphenoid is situated anteriorly to the basioccipital (figs. 4, 10, 10a, boc) 
and prootic (aip). Anteriorly from the sphenoid, arise the two stout basi- 


pterygoid processes (bpp; fig. 10 b, lbp) which articulate by a triangular cartila- 


ginous epiphysis (figs. 4, 17, ce) with the pterygoid bone. The cartilaginous 


epiphysis shows calcification (fig. 17, cce) in some skulls of Wabuya. In some 
skulls, propably younger, this calcification is not met with. A separate ‘carti- 
laginous meniscus’ seen in | aranus (BAHT, 1937) and Calotes (IYER, 1943; 
RAMASWAMI, 1946) is absent in Mabuya. 

In between the basipterygoid processes there projects ventrally in the inter- 
orbital septum or the trabecula communis (figs. 4, 5, 6, 10, 10a, 17, ios) the 
presphenoidal rostrum (pr); while in some alizarin transparencies the pre- 
sphenoidal rostrum is continuous with the sphenoid (fig. 4), in others (in- 
cluding an aged skull) it is absent (figs. 10, 10a). This probably is a variation. 
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rhe ossified crista sellaris (figs. 6, 10, 10b, 17, cr) is a prominent vertical 
ridge on either side of which is the forwardly directed sphenoidal portion,—the 


alary process (ap). As the pila antotic connexion is incomplete, a pleurosphenoid 


developed. At the base of the alary process orifices for the entry (figs. 

6, 10, 10b, 17, af) and exit (figs. 6, 10, aa) of the abducens nerve are noticed 
figure 17 a bristle (a”a”) is passed to show these orifices. Mesially to 
anterior opening of the abducens nerve, an orifice (ca) is noticed through 
which a branch of the carotid artery from the Vidian canal enters the hypo- 
physial fossa (hp). At the base of the basipterygoid process the anterior 
ning of the Vidian canal ( figs. 10, 17, avc) is seen through which the passage 
I (a’‘a’) is shown in fig. 17; the posterior opening (figs. 4, 10a, 
through which the palatine nerve and artery enter the Vidian canal is seen 
ventral aspect of the bone. On the dorsal side of the bone, the region 

i ista sellaris is concave accommodating the hypophysial region 
rain. This is the hypophysial fossa (figs. 10, 17, hp). The fossa shows 
at the posterior region of this ridge there are two 

ies or depressions (fig. 17, pmy) which lodge the retractor bulbi 
muscles, thus doing the function of the posterior myodome of 


4, 5, 6, ept): Each is a pillar-like bone ossifying 


ascendens of the chondrocranium, extending obliquely from 


he prootic bone to the pterygoid, dorsally to its basipterygoid 
ventral rounded end of the bone which fits into the fossa 
tp) in the pterygoid bone is capped with a cartilaginous 
VILLIERS (1939) also referred to a similar cartila- 

us epiphysis at the tip of the lower end of the epipterygoid. The dorsal end 
id in Mabuya is flat and is connected with the ventrolateral 

the parietal by a ligamentous connexion as in Agama (E-L-Tovust, 1947). 
mus (BAHL, 1937) the dorsal end of the epipterygoid comes in contact 


la 


il process of the prootic; in Scincus (-L-Tovust, 1938) the dorsal 
reaches the processus descendens of the parietal ; 
1943) the epipterygoid articulates with the parietal through 

ccording to RAMASWAMI (1936) the connexion is only liga- 
not cartilaginous in the adult and also in the young Calotes. 
id bone is noticed in all lacertilians except the amphisbaenids. 
1 : Fach is a flat curved bone contri- 
ral wall of the brain case. It is connected dorsally to the taenia 
rally to the subiculum infundibuli. It is an ossification in the 
ptica and lies posterior to the optic chiasma. 
A longitudinal band of calcification (or ossification) (figs. 5, 6, 


gs. 5, 6, ois) 1S no- 


ticed uniformly in the dorsal edge of the interorbital septum (ios) above the 
ventral septal fenestra (vs 


extending from the anterior edge of the optic 
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fenestra (of) up to the anterior septal fenestra (asf). Such ossified or calcified 
areas in the interorbital septum and the anterior brain case are noticed in some 
of the lizards. In Jguana (p’BELLAIRS, 1949) the ossified area extends from 
the interorbital septum to the pila metoptica and the neighbouring cartilages. 
Mention may be made of the sclerotic bones here. They form a cup-like 
structure supporting the bulbus oculi. There are 14 plates arranged in circular 
manner whose inner bases have fused leaving a circular orifice in the middle. 
The quadrate (figs. 3, 4, 5, 7, g): The streptostylic quadrate shows a broad 
hollow blade-like middle portion, an anterior portion for articulation with the 


articular of the lower jaw and a posterior curved or arched portion whose 


dorsolateral and posterior borders remain cartilaginous (figs. 3, 4, 5, 7, ¢q), 


enclosing a large gap (gap’) accommodating the lateral process (/p) of the 
squamosal, In some skulls a ribbon-shaped calcification (fig. 4, cc) is noticed 
laterally to the gap. The articular surface of the quadrate which is ventral 
and anterior shows a cartilaginous articular facet (fig. 4, caf). 

In Lygosoma we notice that instead of a calcification in the cartilaginous 
posterior portion of the quadrate, the bone extends on all sides of a similar 
gap and thus the cartilaginous portion is very much reduced. 

The posterior dorsomesial portion of the quadrate articulates with the carti- 
laginous epiphysis of the crista parotica (figs. 4, 7, cp), the posterior portion 
of the squamosal (sv) and supratemporal (stp). Anteroventrally and mesially, 
a little behind the cartilaginous articular facet, the quadrate process of the 
pterygoid (qgpt) articulates loosely with the quadrate. 

In Mabuya the quadrate is directed forwards as in I “aranus (BAHL, 1937), 
Heloderma (Scuure.pt, 1890) and other lizards. In Calotes (Iyer, 1943) and 
other agamids it is directed backwards while in Jguana (BEDDARD, 1905) it is 
nearly straight. 

The articular (figs. 9, 9a, art): This bone is partly cartilaginous and partly 
membranous, Anteromesially the membrane bone,—the prearticular (goniale 
of some authors) has fused with the cartilaginous articular. Mesially it shows 
the fovea articularis (fig. 9a, far) consisting of two prominent depressions 
with the cartilaginous epiphyses for articulation with the two condyles of the 
quadrate. In front of the fovea articularis, the bone has fused inseparably with 
the supraangular though a sutural line is not visible, but is drawn in fig. 9. 
Posteriorly the articular shows a wide depression on the mesial border in which 
is a foramen for the chorda tympani nerve to enter (fig. 9a, fct). 

The posterior end of the articular is bordered by a narrow strip of cartilage 
which shows calcification, In older skulls this cartilage has completely ossified. 

The columella auris (figs. 4, 7, 10, 10a, st): The columella consists of a 
lateral cartilaginous and a mesial bony portion; the latter is a slender bony 
rod,—the stapes (st) fitting by an expanded circular plate into the fenestra 
vestibuli (fv). The lateral cartilaginous plate or the extraplectral is attached 
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tvmpanic membrane. The insertion plate shows as described in the 
] 
a long pointed pars inferior (figs. 4, 10, 10a, pi), directed 


a pars superior (ps) directed towards the processus paroticus 


parotica. The pars superior also shows a prominent posteriorly 


uccessorius posterior (fig. 10a, pacp). There is an extra- 


epl) passing over the pars superior and inserted into the 
(ppr). A processus internus, a processus dorsalis and a 


parotica muscle are wanting in \Jabwya. 


or the basihyal 
process, the processus 
rely cartilaginous in its 
processes 
] 
i 


runs anterolaterally ; 


posed in two parts: a 


becomes narrower 
al ossification (ca); 


il (eh) ossification 
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Iver (1943) and RAmMaAswamr (1946). In Agama, Ev-Tovust (1947) recorded 
the absence of the posterior independent portion of the second ceratobranchial. 
Here only the first ceratobranchial ossifies and the other parts of the hyoid 


remain cartilaginous. 


IMPORTANT FOSSAE, VACUITIES AND OTHER LARGE 
OPENINGS. 


Anterior nasal fossae: As mentioned earlier each anterior nasal fossa is a 
large depression in the anterolateral dorsal region of the snout. It is bounded 
anteriorly by the premaxilla, laterally and posteriorly by the maxilla and mesially 
by the nasal, During life it is covered over by a membrane with a circular 
orifice,—the external naris. 

Orbits: The orbits are very large and each is bounded anteriorly by the pre- 
frontal, laterally by the maxilla, mesially by the frontal and posteriorly by the 
postfrontal. Posteroventrally the temporal process of the jugal completes the 
boundary of the orbit and separates the orbit from the posteriorly situated tem- 
poral fossa, In the floor of the orbit, the ventrally situated ectopterygoid and 
the transverse process of the pterygoid are seen to limit the posterior margin 
of the suborbital fossa or the palatine vacuity (figs. 3, 4, puc). The mesial 
border of the palatine vacuity is demarcated by the outer border of the palatine 
while the posterior portion of the maxilla forms the lateral edge of the vacuity, 
which is covered during life by a membrane separating the orbit from the 
buccal cavity. 

The interpterygoid vacuities (fig. 4, ipv): They are two large cavities one 
on either side of the presphenoidal rostrum (pr) and the interorbital septum 
(ios). They are bound laterally by the pterygoid bones, They continue in front 
between the palatines. 

The choanae or the internal openings of the olfactory organs (figs, 4, 8, ch) 
are situated on the ventral aspect of the skull one on either side in front of 
the suture line where the palatine meets the palatal process of the maxilla. The 
posterior boundary of the choana is therefore formed by these while the 
anterior margin is formed by the posterolateral margin of the prevomer. 

The openings of the organ of Jacobson (fig. 4, jo) as already mentioned lie 
far in front of the choana bound by the maxilla, prevomer and the septomaxilla. 

The foramen magnum (figs. 3, 5, 7, fma) is a large subspherical posterior 
opening of the skull whose dorsal and dorsolateral portions are bordered by 
the supraoccipital, and the ventrolateral portion by the otoccipital and the 
midventral portion by the basioccipital. 

On the ventral aspect of the skull the space enclosed between the quadrate 


and the quadrate process of the pterygoid externally and the posterolateral 
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region of the occipito-auditory region internally forms the eustachian cavity or 
the cavity of the middle ear, through which the stapes runs horizontally. 

The superior temporal fossa (figs. 3, 4, stf) in Mabuya is a small triangular 
space on the dorsal aspect of the skull bounded by the squamosal and _ post- 
frontal laterally and by the parietal mesially. The supratemporal fossa in other 
lizards (l’aranus, Calotes, etc.) is bounded by the supratemporal bone also 
mesially ; but in Mabwya the bone is shunted posteriorly by the approximation 
of the squamosal and the posterior process of the parietal and hence it does 
not take part in bounding the fossa. 

The lateral and inferior temporal fossae, as described by Bani (1937) in 

aranus, are also confluent in Mabuya extending on the lateral aspect and 
ventral surface of the skull behind the orbit. Dorsally the supratemporal arcade 
[ | by the squamosal and postorbital-postfrontal provides the uppermargin 

the jugal anteriorly and the quadrate posteriorly complete 

1d posterior contours of the vacuity. The ventral side is open 

the other lizards as the quadratojugal forming the inferior temporal 

ibsent. The inner border, however, of the infratemporal fossa is 
rygoid. 

the occipital region of the skull is seen 


‘w of the skull (fig. 7, ptf) as a crescentic fossa and also 


section (fig. 5, ; The superior border of the fossa 


‘al (stp) bones and 


STREPTOSTYLISM AND KINETISM. 


juadrate previously, it is quite clear that 

h its neighbours viz., the squamosal, the supra- 

1 parotica of the occipital region dorsally and the pterygoid 

apparatus ventrally to it. This feature of the skull along with 

brain case is known as streptostylism. 

. has further facilitated the movement of the 

huya the occurrence of only the lateral process of the squamosal 

sitting on the gap 11 quadrate and the presence of a cartilage between the 
posterior end of the quadrate and the crista parotica forming the otic articulation 
further to the mobility of bones in this region of the skull. 

| with streptostylism, there is another phenomenon known 

the two segments of the skull (1.e., the ‘maxillary’ and the 

‘occipital’) exhibit movement. The first kinetic point in the skull of Mabuya 
lies dorsally between the parietal and the supraoccipital. As already mentioned 


the cartilaginous portion of the processus anterior tecti forming the peg in the 
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socket of the fossa parietalis in the parietal bone renders it possible for the 
hinder occipital segment to move against the anterior maxillary segment. The 
second point lies between the pterygoid and the (basitrabecula) basipterygoid 


process of the sphenoid. This process comes in contact with the pterygoid only 
through a cartilaginous epiphysis analogous to the meniscus pterygoideus (but 
not homologous,—see Discussion) offering a great freedom of movement of 
the occipital segment. It may be further stated that the epipterygoid bone with 
its basal cartilaginous epiphysis is also loosely disposed between the pterygoid 
and the parietal and does not hinder, if not facilitate the movement of the two 
segments of the skull. All these points of movement conform to the metakinetic 
(GOODRICH, 1930) condition, 


DISCUSSION. 


In Lacertilia there are only two foramina letting in the auditory nerve into the 
capsular cavity. One is foramen acusticum anterius which transmits the nerve 
innervating the anterior ampulla, lateral ampulla and recessus utriculi; the other 
orifice,—foramen acusticum posterius conveys ramuli ampullae posterioris, sac- 
culi, neglectus and cochlearis into the cavum vestibulare posterius. In the Am- 
phibians (except some anurans and the Apoda) there are only two foramina 
and the ramus cochlearis in these forms is known as the ramus lagenae. In 
Salamandra (RANCIS, 1934; DE BEER, 1937) a third foramen through which 
a ramus lagenae passes is also noted. FRANCIS (1934) called that nerve medianus 
and it innervated only the sacculus. In Mabuya, it is noticed that the foramen 
acusticum medium transmits a branch of the posterior auditory nerve inner- 
vating the saccular portion. The occurrence of three acustic foramina is again 
noticed in some mammals like Echidna and Didelphys, although the typical con- 
dition in mammals is the presence of only two foramina lying one above the 
other due to the torsion of the otic capsule and are called the foramen acusticum 
superior and foramen acusticum inferior. The middle acustic foramen if present 
is known by the same name as in Salamandra. What exactly the phylogenetic 
significance of the occurrence of a small median foramen is in Mabuya, if there 
be any at all, we are at present unable to say. 

The cavity of the auditory capsule in a lacertilian (Lacerta, GaurpP, 
1900; Eumeces, Rice, 1920; Calotes, RAMASWAMI, 1946) is divided by a trans- 
verse septum intervestibulare into the anterodorsal cavum vestibulare anterius 
and a posterior cavum vestibulare posterius, there being a connecting inter- 
vestibulare foramen between the two cava. Further, the posterior and lateral 
semicircular canals communicate with each other as the posterior septum is 
incomplete. In the chondrocranium of Mabuya a cartilaginous transverse septum 
intervestibulare is absent but in the osteocranium, this region is ossified (mem- 
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branous ossification) to form a septum, This septum in the adult skull shows 
only one orifice through which the sacculus enters the cavum vestibulare anterius. 


uct 


rta (GAUPP, 1905), Ewmeces (RICE, 1920), Calotes (RAMASWAMI, 1946) 


other lizards the intervestibulare septum shows two orifices normally, 
one connecting the two cavae and the other a lateral opening which 

membrane and does not transmit any important structure. This 
opening is absent in Mabuya, there being only the medial foramen through 
the sacculus passes. 


lly in lizards, chelonians, birds and some mammals the posterior septum 
nplete allowing the lateral semicircular canal to communicate with the 


circular canal. In the chondrocranium of ./abuya, and also in the 


‘ansverse cartilaginous bridge is seen to lie in front of the 
posterior semicircular canal separating the lateral semicircular 
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In Eumeces ( RICE, 1920) the meniscus is confluent with the processus ascendens 


processus pterygoideus in very early stages. 


and the 


It is present in all stages 
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of Lygodactylus (Brock, 1932) and in the adult Pachydactylus but is undevel- 
oped in the very early Pachydactylus embryo, 

The structure referred to above in the osteocranium of Mabuya occupies the 
same position of a meniscus pterygoideus were it present in the chondrocranium, 
In Calotes (RAMASWAMI, 1946) such a state of affairs was noticed. In Sey- 
mouria, \WATSON (1918) described a small bone between the pterygoid and the 
basipterygoid process, occupying the same position as the ‘meniscus ptery- 
goideus’. He suggested that this bone possibly represented an independently 
ossified basitrabecular process, and therefore, it formed a part of the neuro- 
cranium and not the splanchnocranium. That the meniscus pterygoideus (basal 


process, DE BEER, 1937) in reptiles is a part of the palatoquadrate complex is 


beyond doubt and therefore, it belongs to the splanchnocranium. It is not clearly 


known in what other lizards this is ossified. Brock (1932, p. 515) however 
stated that “It (meniscus pterygoideus) ossifies as a distinct nodule of bone 
against the inner surface of the pterygoid and affords a sutural connexion 
between this bone and the basitrabecular process of the sphenoid.” But she 
does not mention the species in which the ossification is noticed. In any case, 
if the meniscus pterygoideus does not ossify, the ossification in Seymouria as 
suggested by Watson belongs to the neurocranium and may represent an in- 
dependently ossified part of the basitrabecular (basipterygoid) process. On this 
ground it is possible that in \/abuya, the cartilaginous epiphysis represents the 
isolated portion of the basitrabecular process and is homologous with the small 
bone described in Seymouria. This comparision is further supported by the 
ossification which occurs in this cartilage in some skulls of MJabuya. 

In | aranus there is a ‘cartilaginous meniscus’ (BAHL, 1937) ; in Hemidactylus 
(ManeNDRA, 1949) the connexion between the pterygoid and the basipterygoid 
process is ligamentous. MAHENDRA (1949) stated that in Hemidactylus “‘the 
basipterygoid process is connected with the pterygoid bone of its side not by a 
cartilaginous meniscus as in Agama hispida (Broom, 1922), Varanus monitor 
(BAHL, 1937), Scincus scincus 1938) and Calotes versicolor (IYER, 
1943), but by a definite ligament.” EL-Tousr (1938), however, does not refer 
to a cartilaginous meniscus in Scincus scincus. 

In Calotes as RAMASWAmMI (1946) has pointed out, the cartilaginous piece 
lying between the pterygoid and basitrabecular (basipterygoid) process is a 
meniscus pterygoideus since it is also noticed in the chondrocranium to be a 
part of the pterygoquadrate bar, 

A large fenestra,—the fenestra lateralis nasi is described in the lateral car- 
tilaginous wall of the extraconchal recess in Lacerta (GAupPpP, 1900). It is 
so large that the inner concha is clearly seen through the fenestra. In Eumeces 
(Rice, 1920) the fenestra is absent without any trace of its presence in the 
early or late stages; it is also not seen in the Geckos (Brock, 1932), Calotes 
(RAMASWAMI, 1946), snakes (Leptodeira, Brock, 1929) and the chelonians 
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nys, KUNKEL, I912). 
mmal 


It is also absent in the crocodiles and a number of 


Vabuya shows an interesting intermediate stage between these two 


extremes. In the lateral cartilaginous wall of the recessus extraconchalis a small 


nestra is noticed. The cartilage surrounding this fenestra is very thin and at 


egions appears to be procartilaginous. This suggests that the fenestra 


ts way to obliteration and to form a complete unfenestrated wall in this 
as noticed in other reptiles. 

interorbital septum shows ossification in its dorsal edge in \abuya and 
hes of calcification are also noticed in some skulls to be present in different 


interorbital septum. This ossification or calcification is not re- 


the dorsal part of the quadrate cartilage of the adult is 


the roofing bones of the orbitotemporal region of lizards, 

932) pointed out that “The single bone found in Geckos is said to be 
l. My observations of Pachydactylus, Agama and Mabuia confirm 
nothing distinctive in the musculature of these two elements (post 
} 
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in Pachydactylus has a similar position to 
is, at the suture between the frontal and parietal, 
entirely against the parietal some 

While in that paper the author 

a postfrontal in \/abuia at the suture of the frontal 
ake mention of a postorbital. But in a later paper 
bones of the Amniota, she delineated in a re- 


) the two bones in the temporal region (p. 27 


tal. The postorbital is shown as a large triradiate 
abutting laterally to the frontals and parietals 
fig. 11) postfrontal and a similar bone abutting 
d postorbital in Mabuia (Mabuya). I 
and had the remaining part of the so called 

| postorbital would not have been missed, 

In any case, in the temporal 


rbital and the postfrontal are present. 


SUMMARY. 
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3. The paraseptal cartilage is incomplete in Mabuya. The anterior portion 
is represented by a small projection of the lamina transversalis anterior mesial 
to the orifice of Jacobson’s organ. In Calotes it is completely absent. Only in 
stage 6 of Eumeces, is it complete as in Lacerta. 

4. The concha of the nasal capsule is not so typically formed in Mabuya as 
in Lacerta. 

5. In no single stage of Eumeces do we notice all the cartilages of the orbito- 
temporal region which are, however, present in Lacerta and Mabuya. The taenia 
marginalis is present as in Eumeces and Lacerta and this is absent in Calotes. 
The pilae antoticae are incompletely represented in Mabuya. 

6. Projecting posteriorly for a short distance from the subiculum infundibuli 
in Mabuya is a pair of short closely united rods,—the supratrabecular rods, 
which do not meet the pila antotica as noticed in Lacerta. In Eumeces and Calotes 
the rods are absent. 

7. The meniscus pterygoideus representing the basal process or the articular 
cartilage of the pterygoquadrate bar is totally wanting in MJabuya. 

8. The fissura metotica can be studied as the jugular foramen posteriorly and 
a large rectangular gap anteriorly between the basal plate and the prominentia 
cochlearis in Mabuya. The fissura is groove like between the basal plate and 
the medial ventral wall of the auditory capsule. 

9. The characteristic transverse septum described in Lacerta and Eumeces 
separating the anterior and posterior cava vestibulare of the auditory capsule 
is not noticed in the chondrocranium of .Wabuya; there is, however, a horizontal 
septum extending from the posterior margin of the foramen acusticum anterius 
to the anterior margin of the foramen acusticum posterius, 

10. There is a transverse bridge of cartilage lying in the posterior region of 
the cavum vestibulare posterius in Mabuya. 

11. There are three acustic foramina in abuya; the foramen acusticum 
anterius, the foramen acusticum medium, and the foramen acusticum posterius. 
The foramen acusticum medium transmits a branch of the posterior auditory 
nerve into the cavum vestibulare posterius and innervates the saccular portion. 
Such an orifice is not noticed in Lacerta or Eumeces. 

12. The quadrate is deeply arched and the posterior portion shows two large 
gaps,—one medial and the other lateral; the latter persists in the adult skull. No 
such gaps are noticed in Eumeces, or Lacerta or Calotes. 

13. There is a slender thread of cartilage lying between the processus as- 
cendens and the quadrate cartilage in Mabuya representing the reminiscent con- 
nexion between these two elements of the pterygoquadrate bar. 

14. The anterior portion of the pterygoquadrate bar is seen as an isolated 
tiny rod of cartilage lying in front of the base of the processus ascendens in 
Mabuya. This is the processus pterygoideus. 


15. The columella auris shows a prominent insertion plate or extrastapes of 
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extracolumella in Wabuya. The oval footplate fits into the fenestra vestibuli. 
extracolumella shows only a process accessorius posterius as in Eumeces. 


ectral ligament passes over the insertion plate and is inserted on the 
paroticus of the crista parotica. A processes dorsalis, a processes in- 
and an extraplectral-parotic muscle seen in Calotes are absent in Mabuya. 
In the hyobranchial apparatus of .\/abuya, the second ceratobranchial is in 
in 
part of the hyoid arch is very large. 
1 of Mabuya exhibits the following features : 
illae are separate and asymmetrical; the right premaxilla 1s 
skulls, it shows a longer nasal process than the left. 
bones show a small foramen in each. 
revomer possesses an additional foramen on its ventral aspect 
does not show any such foramen. Variation as to the paired 
ise of the prevomer needs further study in 
in Wahuya and Lygosoma species may or may 


1 a secondary palate. This feature is, therefore, 


floor of the organ of Jacobson is 
has been called by us the ‘Jacobson’s 
of the maxillaris branch of the 
yosoma while it 1s absent in | aranus. 
‘ocess posteriorly which sits on a 
and torbital are present in the temporal region 
1932), however, did not describe the postorbital in Wabuya. 


] 
leveloped and form a complete roof to 


laginous epiphysis is present between the ptervgoid and the basi- 
! 


ss; its relation with the ‘meniscus pterygoideus’ is discussed. 


ilaginous epiphysis shows ossification in some skulls. 
unossified cartilaginous area is noticed between the prootic and the 


1 
in the tloor of the 


auditory capsule 


of the epipterygoid shows a cartilaginous knob. 
wid rostrum is either continuous or discontinuous with the 

bone. 
interorbital septum shows an area of calcified cartilage extending 


fenestra to the optic fenestra. 
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32. The quadrate in its dorso-posterior rim remains cartilaginous and ex 
hibits a large gap. This cartilaginous portion shows a tendency towards calci- 
fication ; the quadrate articulates with the crista parotica through a cartilaginous 
epiphysis. 


33. The symphysis between the two rami of the lower jaw is not bony. 


34. The columella auris does not show either a processus dorsalis or a 
processus internus or a pars extraplectral-parotic muscle. An extraplectral 
ligament is, however, present. 

35. In the hyobranchial apparatus, the posterior part of the second cerato- 
branchial is noticed and it shows the second epibranchial ossification also. 
This portion was not noticed by GNANAMUTHU (1915). 
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There are rather few investigations concerning quantitative relations of vari- 


ances in populations differing in their genetical homogeneity. It is mostly agreed 


that the variation decreases as the genetical homogeneity is increased by inbreed- 
ing; that it is unchanged in I’, after crosses between pure lines, and that it 
increases in I, where the genetical variation is released. 

Some cases are, however, cited in literature where these assumptions do not 
hold true. Livsry’s (1930) investigations on body weight of rats showed that 
the variation of I*; between inbred lines was lower than that of the inbred lines 
themselves. The variation in I’, was also lower than in the inbred lines. 

MATHER (1949) writes that ‘‘the inbreeding depression seen in organisms 
which normally cross-breed may be accompanied by an increase in non-heritable 
variation.”” He also describes a cross between Petunia axillaris * P. violacea 
where the variation in corolla length is much lower in I*1 than in any of the 
parental strains. 

IASMUSSON (1949) found that inbred sugar beats show no decrease in va- 
riability of size characters, ‘“‘probably because their lower vitality makes them 


react more to the variation in external conditions.” 


Acta Zoologica 1952. Bd. XX XIII, 
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Che present investigation on bristle numbers of Drosophila melanogaster will 
show how the mean and variation are affected by inbreeding and outcrossing. 
lhe changes have been followed from wild, not inbred populations, through a 

1umber of inbreeding generations and the F,, I,, and F, after crosses 


inbred lines. 


MATERIAL AND METHODS 


\. The Orebro strain 


Was started in November 1946 with a wild type strain of 
elanogaster which had been captured in August of the same year 
den, and had since then been kept in mass culture in the 

for about 5 generations, 
his strain 10 inbreeding lines, a—j, were started, propagated by bro- 
iting. The parents of the first generation of these lines were all 
the same pair of flies, and hence the lines were closer related 


if their parents had been taken out randomly from the whole 


the joint number of bristles on the ventral 
segments, and 2. the total number of sterno- 
x. The usual number of abdominal bristles 
males; the sternopleurals are usually 
previously been used by MATHER (1941, 

2) and others for selection experiments, 
number is genetically determined by a 
large chromosomes (polygenes). These 


by differences in environment. It is there- 


register the influences that inbreeding 


the genetical and the environ- 


re counted on 20 males and 20 females. 
ion were taken out randomly without regard to 


+ 


stav in the cultures until the next 


allowed 
full number of animals was not 
‘re counted on all available. 
were continued for the first 20 generations. During this 
extinct, viz. line a after 14 and line h after 12 
20th generation the brother-sister mating was continued 
tle counts were made. Three more lines died out: c, e and 1, When the 


on for about 60 generations (there were differences among 


etween the 
i } 
i { i 
J/rosopi 
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the lines depending on sterility and low fertility) the bristle counts were resumed 
for the five remaining lines and continued for 10 generations. Bristles were now 
counted on all animals that emerged, except in the few cases where the number 
of one sex exceeded 40, in which case this number was counted, 

After another couple of inbreeding generations crosses between the lines 
were performed. The crosses were made in both directions with single pairs of 
flies and were repeated at most 5 times. I°, and I’, from these crosses were 
raised from randomly selected pairs of flies. In all cases bristle counts were 


made on at most 20 animals of each sex. 


B. Other strains. 


Some other wild type strains have also been included in the investigation. 
Three of them have been recently captured in nature and then kept in mass 
culture: Tunnelgatan captured in March 1948 in Stockholm; Stiéket captured 


20 km north of Stockholm in October 1948: and Algeria received from the 


Genetical Institution of Lund in March 1950 and captured near Algiers in 


August 1949. No inbreeding lines have been reared from these strains. In the 
following investigation these three strains and the Orebro strain are jointly 
called the original strains. 

‘rom the laboratory stock Florida one inbred line has been raised. It was 
included in the crosses between the other inbred lines. It had then been inbred 
by brother-sister mating for more than go generations and bristle counts had 
been performed during the generations 86—95. 


The logarithmic transformation. 


To be able to compare the variation between strains and lines with different 
means, between different types of bristles and between the sexes, it was neces- 
sary to get a measure of the relative variability which eliminated the cor- 
relation between variance and mean. This can be done by transforming the vari- 
ates to another scale. BARTLETT (1937, 1947) has shown that in such cases where 
the group means and standard deviations tend to be proportional the proper 
transformation is to logarithms. After this transformation the standard devia- 
tions and thus also the variances become independent of the means, 

Another measure of relative variability is Pearson’s coefficient of variation, 

CY = ade This formula does, however, not give identical results with the 
log. transformation method, as an increase in the magnitude of the measure- 
ments still is accompanied by a certain increase of the coefficient of variation. 
STEVENS (FABERGE, 1936) has given a formula for getting an estimate of the 


variance of log. x from the absolute variate values. It is a series where the 
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second, third and fourth powers of deviations from mean are included. The 
square root of the first term multiplied by 100 is identical with the coefficient 
variation. 


In all the analyses of variance to follow in this investigation the transforma- 
tion 


© 10-logarithms has been made. To get more convenient values the loga- 
ithms have been multiplied by ro. 


if. RESULTS 


VARIATION IN THE ORIGINAL STRAINS 


17 


ordinary laboratory breeding alters the conditions of the popula- 
Ss 


ns, pairs of flies were from time to time taken out from the laboratory stocks 


1 
+ + 


he original strains and cultured at 25°C, whereafter bristle counts were made 


on their offspring. From the Orebro strain such counts were made when the 
breeding in laboratory mass cultures had continued for 33 
tions. TI 


39—45—53 ge- 
1% corresponding numbers of generations were for Tunnelgatan: 
for Staket: 7—1 


t: 3—27: and for Algeria 7—17. On every such 
counts wert on 20 males and 20 females from 2—5 cultures of 
rain. Analysis of L shows that the bristle number is 


original strains. 


bristles 


Sternopl Sternop! 
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significantly different between the strains except the female abdominal bristle 
number. The differences between cultures within strains are very obvious too. 
This can be due both to genetical and environmental differences, but no time 
trend or significant differences between dates were found, 

The pooled variance within cultures is highest for the sternopleurals and 
higher for males than for females, Are there also differences in variability be- 
tween the strains and does the variability change with the duration of breeding 
under laboratory conditions? To answer these questions the individual mean 
squares must be compared in another analysis of variance. But first one more 
transformation had to be performed. The mean squares had to be transformed 
to logarithms. The transformation of the original variates to logarithms served 
to avoid the influence that differences in mean might have on the values of 
the variances. This second transformation is according to BarrLetr and KEN- 
DALL (1946) suitable because In s° —I1n 6? is quite independent of o?. In s? can 
be substituted by log,, s*. Other conditions are that the samples from which the 
variances are computed should be of approximately the same size, that thes 
should have ten or more degrees of freedom, and that they should be drawn 
from normally distributed populations. The two first of these conditions are 
clearly met with here. The distribution does, however, not seem to be quite 
normal in all cases, as is indicated by the values of g, and g. (measurements of 
resp. skewness and kurtosis, see SNEDECOR, 1948), calculated on values from 
the original strains (Table 2). Especially the sternopleurals show a significant 
positive skewness and kurtosis. This is, however, diminished by the use of the 
log. scale, and according to EDEN and YATES (1933) there is little to fear in the 


employment of the analysis of variance an the z-test even when the data are 


Table 2 


Test of normality for original strains. 


Strain Abd. br. | Sternopl. Sternopl. 
h 4 A 


21 ©.0031 0.7351°*" g 0.0940°°" 
Orebro 
g» 0.0070 | 0.9931 


g1—0.5074"" | g 0.46147" 
lunnelgatan g2 0.0656 0.1130 22 0.1326 


0.2001 0.0287 0.1049 0.0858" 
Staket 
0.1465 g2 —0.242° g2 —0.3541 0.5608 


0.2150 0.0207 0.3482 


Algeria 
0.3809 2 0.1937 2» —0.1995 


Standard deviations are for Orebro gi: =+0.1407; g2—=+0.2805, for other strains 
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Table 3 


variances within cultures of original strains (after logarithmic trans- 


formation ). 


of bristles 


] Jegrees yf 
freedom 


Abd. br. 


Sternopl. 
29 


¥ 


Sternopl. 
aA 


0.1037 0.1102 


0.1000 0.1109 
0.0920 0.1020 


0.1381 


0.1388 
0.1920 
0.1776 


0.1234 0.1802 


lomogeneity of variances 


he logarithms of the 


intraculture mean squares. 


Type of 


vd. br. 


bristles 
Sternopl. 
Sternopl 


Ms. 


C.03055 


tra 


I, 
cha 


ulfure variancs 


0.04440 


oO IO5137° 


0.04703° 0.03070 
C.020IK 0.05480 


the 


male and femate. 


four groups: 


fae, 


Mean 


square 


‘med therefore 


values of the 


the original variates) have been 


9 ned TO log 


s the test of homogeneity, performe: 


thms of the individual mean squares within cultures of the original 


nultiplie d by 


} 


0.008384 


0.01080 


( 03031 


indicated method for 


the 


mean squares (calculated after log. trans- 


100 before they 


s an analysis of variance 


female sternopleurals suggest any differences between strains 


In this group the variation 


‘within dates” 


is least, and this might 


: 
4 
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i | 
ral | Abd. br. | | 
99 A | 
> 
Orebro 285 0.1526 
Tunnelgatan 100 | 0.2221 
| 
Staket 190 0.1844 
\Igeria 190 0.1573 
Test Of 
he analysis is abblied t 
Che analysis is applied to 
Source of Degrees of Abd. 
between strains 3 0.03031 0.04307 
Between date 
within strains 10 0.03560 
3 Combined test of homogeneity of 
abdominal bristles, male and female; sternoflewrd Hem 
4 Source of variatior Degrees of freedon ees 2 
} 
Sexes 
nteractior 
| 
between tes 40 0.03786 
Within dates 24 0.03374 
he present data. 
In the following the 
f the logar 
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number 
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Fig. 1. The separation of the mean bristle numbers during inbreeding. a. Abdominal bristles, 
male and female data combined. b. Sternopleural chaetae, male and female data combined. 


have made the ratios too large. If one compares instead with the pooled mean 
square within dates 0.03374 one gets for dates the ratio 1.41; P=0.2. As 
there is no obvious trend for the differences between dates, this ratio must 
be judged without significance. Compared with that same mean square the 
ratio for “between strains” becomes 3.12; P ==0.05*—o.01++. Oddly enough 
the lowest intraculture variances for female sternopleurals are found in the 
strain with the longest and the one with the shortest time of laboratory breeding 


(Table 3). Laboratory breeding in unselected mass cultures thus does not seem 
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BRISTLE 


abd. bristles, females 
abd. bristles, males 
sternopleurals, females 


sternopleural-, males 


mean squares after log. transformation 


6-10 11-15) 16-20 60-70 
generations of inbreeding 


Fig. 3. Variation between cultures within the original strains (OS), between generations 
within inbred lines during different stages of inbreeding, and between cultures within line 
combinations in Fy, Fs and Fs; after crosses between inbred lines. 


abdominal bristles the greatest increase and decrease were almost alike, viz. 


15 “%. The sternopleurals increased by 13 % and decreased by 17 %. Between 


these extremes the other lines were randomly distributed. 


The marked differences between generation 1 and 2 and the less marked be- 
tween generation 2 and 3 are probably caused by differences in breeding tempera- 
ture. The common generation I was kept at room temperature, 18°—20° C while 
the second generation was bred in a thermostat at 28°C. All the following genera- 
tions and the crosses between the lines were kept at 25°1°C, Later on, an in- 
vestigation was undertaken with some of the inbred lines to prove that the tempe- 
rature influences the bristle number. The effect of crowding was also included. 
5 of the lines, inbred for at least 50 generations, were cultured at 20°, and at 25° in 
pair cultures and in mass cultures with 10—15 pairs of parents in each culture. 


Bristle counts were made on 20 males and 20 females from the offspring of 
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strains (OS), within generations of the 
of inbreeding, and within cultures in F;, Fe and Fs 


osses between inbred lines 


ich culture. Table 4 shows the result. It is obvious that temperature and crowd- 
ng conditions are able to change the bristle number, and that the number decrea- 


h increasing temperature and crowding. 


on variation 


1 show how the three sources of variation: between lines, between 
within lines, and within generations, change during inbreeding. 
the following analyses of variance the inbreeding generations have 


into 5 groups, viz.: generations 2—5; 6—10; II—I5; 16—20 


60—70. The division is arbitrary but gives an estimate of the variances 


tween generations within lines without giving the progressive effect of in 
¢ too great an influence. 

lation between lines which at first is rather small increases, while the 

tion between generations and within generations decreases. This is most 

us for the sternopleurals, while the abdominal bristle variation shows some 

‘o go further into this one will have to compare the variability of 
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in variation over the values of the original strains 

five generations, probably because of unbalance and sorting 

s. Thereafter most of the lines stabilize on values a little under 


ariance of the original strains. 
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Table 4 


Effect of temperature and crowding on bristle numbers. 


Mean bristle numbers of 5 inbred lines 


Abdominal bristles Sternopleural chaetae 


Mass cultures Pair cultures 


35° 26 | 25 


| 


Mass cultures Pair cultures 


| 
| 
| 
| 


18.44 17. 


16.29 


| 

| 
_| | 
Females 43.88 | 41.01 | 46.51 | 44.06 | 17.55 | 16.18 | 
| | | 1658 | 15.33 | 


Males 35.35 33.30 | 37.50 | 35.50 


Analysis of variance (after log. transformation). 


| | Type of bristles 


Source of Degrees Abd. br. Abd. br. | Sternopl. | Sternopl. 
variation | freedom a2 | 99 
M:s. M.s. 


| Crowding ..........| | .975° .560** 6.350*** 
Temperature 834° 5.578" 11.207"** 


interaction 0.5625*** 0.2957*** | 
Within cultures ....| | 0.10G0 0.1005 0.0931 0.0946 | 


This is true of the sternopleurals for all the lines, but 5 of the lines have 
a variation in abdominal bristle number which in some generations far exceeds 
that of the original strains. Two of them, a and h, died out before 20 genera- 
tions of inbreeding, ¢ died out after the counting had ceased in the 20th genera- 
tion, and two, b and g, were still left after 60 generations of inbreeding. By 
that time line g had reverted to a low variance but line b still showed abnor- 
mally high values of variance. 

The trends of the variances are alike for males and females from the same 
line. A closer analysis shows that the peaks of variance always coincide with 
a marked decrease in mean bristle number, In these cases the distribution no 
longer follows the normal curve, but becomes skew with a long tail towards 
the low numbers. lig. 6 shows the mirror contrast between mean and standard 
deviation for females of line b, where it is most marked. The standard deviations 
are calculated on the real variates without log. transformation. 

The agreement in performance of the exceptional bristle variances suggests 
that they have a common cause. As the phenomenon appears more or less marked 
in 5 out of 10 lines, the bristle reduction is probably primarily depending on 
only one or a few pairs of genes, which must have been present in the com- 
mon parents of generation 1. The irregular occurence of animals with reduced 
number of bristles can be explained by the assumption of incomplete penetrance, 
the degree of which depends on the total genotype. Lines a and b, which have 
the highest peaks of variance should then have genotypes which allow a rather 
great percent of the animals to show the effect of the bristle reducing gene(s) 
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high variances and the greater homogeneity of the female values 


» number 


bristle 
standard deviation 


68 69 


generations of inbreeding 


Mirror contrast between mean and standard deviation for female abdominal bristles 


of line b. Mean. bristle number Standard deviation 
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very marked minimum in this very generation, especially for males, which 
have here obviously passed the 50 “-limit of bristle inhibition penetrance. That 
is the reason for the failing manifestation in variance for males. 
lhe assumption of a genotypically determined penetrance does not, however, 
explain the very great deviations between generations for the lines which show 
exceptional variances. These lines do not keep a permanent level of variance 
letermined by their special penetrance for low bristle numbers. On the contrary, 
Variances seem to oscillate between maxima and minima, sometimes every 
neration but other times in periods of several generations. Some special in- 


igations have been made to elucidate this phenomenon. 


Selection experiments on inbred lines 


possible explanation to the fluctuations in mean and variance is that 

differences remain within the lines and change the hereditary consti- 
from generation to generation, This being the case it should be possible 
up the lines in two parts with different mean bristle number by means 


the parents of each generation for high or low number of bristles 


experiments have been made on the sternopleurals of line 1. 

made on 20 animals of each sex and the two most extreme 

s Were mated to the two most extreme males in one common culture. 

shows the of selections started from inbreeding generations 5, 10, 

first three cases selection could split up the population, but 

tion 20 the hereditary differences had disappeared and selection was 
influence. 

exceptional behaviour of line b was known, new selection experi 

d with this line. Sternopleurals and abdominal bristles were 

experiments, starting from inbreeding generation 

f selection was the same as for line 1. The 

in 1: 20 it was impossible to split up the 

to the sternopleurals. Already in the first generation, however, 

abdominal bristles brought about a difference of almost 4 bristles 


nean of the high and the low line of selection. This difference was 


I 
ther unchanged during the rest of the experiment, 10 generations 


s for high selection. It is significant at the 0.01+* level. 
inbreeding was found for the variances 

line of selection had for females a mean square 

352; the high one 0.1232 (after log. transformation). lor 

0.3411 and 0.1119 respectively. Both differences are signi- 
0.001°~). Before this selection experiment was abolished both lines 


itted to one generation of counter selection, the low line being selected 
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uw 


bristle number 


to 


10 iS 20 25 
generations of selection 
Fig. 7. Selection experiment on sternopleural chaetae from different inbreeding genera- 
tions of line i. Male and female data combined. a. Selection from inbreeding generation 5. 
b. Selection from inbreeding generation 10. c. Selection from inbreeding generation 15. 
d. Selection from inbreeding generation 20. 


for high numbers and the high line for low numbers. The mean bristle numbers 


of the progeny from these parents were completely reverted (see fig. 8b). The 


progeny from the low line had reached the mean of the high one, and the high 


line had fallen to the level of the low one. 
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bristle number 


selection for high number of bri-tles 


selection for low number of bristles 


high incidence 
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selection generation 
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Another signiticant teature of this experiment was the 
sterilitv among the animals wit} the lowest Dristle nun ay rs. 
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ha population, other selection experiments with bristle numbers having shown that ek os a 
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the differences in mean are obtained step by step during many generations until 


the potential variation of the population is exhausted, and that counter selection 
likewise only slowly can revert the conditions (RAsMUsON unpublished, MATHER 
1941, MATHER & W1GAN 1942). Hence it can be concluded that it is not remain- 
ing heterozygosity that makes the variances so high and so fluctuating in line 
b or the others that show abnormal values of variance. Nor have investigations 
on salivary gland chromosomes of line b shown any inversions or other chromo- 
somal aberrations, which might have been the case if there was some kind of 
balanced heterozygous system involved. 

Heuts (1949) has described another case were an apparently homozygous 
line (inbred by brother-sister mating for almost 10 years) showed differences 
in fertility which were dependent on the abdominal bristle numbers of. the 
parents. He found that animals with modal numbers of bristles and females 
with low bristle numbers had the poorest fertility. No bristle counts were made 
on the offspring. Heurs’ investigation and the present results thus agree in that 
what seems to be purely phenotypical variation of parental characters may in- 
fluence the offspring. 

Several generations later, after more than 100 generations of brother-sister 
mating had elapsed since the start of the inbreeding, the bristle counts on line 
b were resumed, but then the abdominal bristle variation was quite normal. 
If this depended on a mutation of the bristle reducing gene(s) itself or on 
other adjustments of the genotype is not known. Anyhow, further experiments 
concerning the abnormal variability were made impossible. 


ID). Heterogeneity of variation 


The variances within cultures of the original strains were found to be fairly 
homogeneous (Table 3). Between the inbred lines there are, as seen from figs. 
5 a—d, great dissimilarities. Tests of homogeneity have been undertaken within 
the previously mentioned groups of generations. Table 5 gives the P-values for 
homogeneity of intraculture variances between the inbred lines. As is seen 
significant differences occur even in the latest inbreeding generations where 
they cannot be due to different levels of homozygosity. Even the environmental 
part of the variance thus seems to depend on the genotype. It is also of interest 
that the variances of female sternopleurals does not in any group of genera- 
tions show differences between lines. The inbreeding here affects all lines alike. 
It is to be remembered from Table 3 that precisely the female sternopleurals were 
the only case which suggested a difference in variability between the original 
strains, It must indicate that the genes which control this type of bristle, in the 
female sex react more uniformly towards environmental influences, which there- 
fore cannot mask any differences in genetical heterogeneity. 


How the variances of the two sexes and types of bristles differ during in- 
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breeding has been analysed in Table 6. Few significant differences were found 


; the same tendency can be seen for the earlier generations as 
strains, V1z. s tr. s? . The abnormally high 
A ¢ abd 
iances of abdominal bristles, especially female, of the latest inbreeding genera 


ons upset this condition and instead increase the interaction term. 


CROSSES BETWEEN INBRED LINES 


crosses between the inbred lines gave offspring with mean bristlh 
-antly higher than midparent, except the abdominal bristles of 

The mean differences from midparent were small, none the less 
s to be some kind of heterosis working on the bristle number (Table 
at the means for abdominal bristles one finds that crosses in which 
part have a higher increase over midparent than the rest (mean 
females 2.21 against 1.18). Knowing about the behavior of line 
ined by assuming that the mean of line b has been estimated 

of the inhibition of bristles which caused its high variance. 
abnormality disappears (the variance returns to normality ) 


mean bristle number of the crosses to be greater than the 


lifference between crosses with line b and the others is, how 


icant. Possibly the same kind of mechanism may be working 
lines too, although less pronounced, 

crosses can al 21 an idea about the role of the }° chromo 

le number depends to any extent on genes situated in the } 

is to be excepted that there should be greater differences be 

crosses for males than for females. The analysis of variance 


in F, really gives significant differences between reci 


ast what concerns the abdominal bristles, the sterno- 


intraculture variances 


een inbreeding lines within different groups of m 


breeding generations 


Sternopl. Sternopl. 


0.01°° 
0.05" 
0.001 
> 0.2 


0.0017 
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Table 6 


ombined tests of homogeneity of intraculture variances in different groups 


of inbreeding generations. 


Source of 
variation 


Inbreeding generations 


6—10 | 


D.f.| M.s. 


II—I5 
| D.f.| Ms. 


16—20 


| D.f. | M:.s. 


Types of 
bristles .. 
Sexes 
Interaction 
Within sub- 


classes 


| 
| 


| 


0.00205 
0.38481" 


I 
I 
I C.09QQ10 
| 


| 0.04933 


| 0.24280* 


0.31054* I 0.02256 


0.15509 | 
| 
0.03292 I | 0.12881 


106 | 180 | 0.05806 


| 0.05412 


0.15277 

0.17702 
I | €.14075 
| 


| 156 | 6.05438 


Between 


0.07991" 


C.04000 


| 0.13147°**| 36 | 0.11997* 


160 | 0.03672 144 | C.04371 


Table 7 


after crosses between inh 


28 | 0.07544*| 20 


| 128 | 0.04977 | 216 


red lines. 


0.01940 
| C.02453 
c.19568* 


0.04559 


0.29Q009"** 


Cross 
Type 
of bristles 


bXj|bX Fl 


d X Fi f 


Mean diff 
from 


| midparent | 


| Abd. br. @ 


| 


| 46.00 | 47.74 


Recipr. 


Midparent 


| 43-3 


| 45.10 | 


45.87 


Recipr. 


Midparent 


Abd. br. 22... 


| 
| 41.15 | 


| 
| 
2.35 | 40.29 | 43.32 


| 40.07 | 41.46 
40.02 | 38.47 


39.04 | 41.48 | 42.97 


40.37 | 41.67 


1.666 


+ 0,289*** 


| 34.00 
| 32.40 


| 31.58 | 34.36 
—| 


+ 0.382 
+ 0.354 


Recipr. 
Midparent 


Sternopl. 22 


17.34 | 17.86 


10.40 


16.05 | 16.38 


15.19 | 15.42 


Sternopl. 
Recipr. 
Midparent 


From the crosses d X j; j X Fl; and Fl X j no offspring 


16.10 


15.85 | 15. 


17.05 


10.82 


2 


16.3 16.82 | 14.63 


14.38 | 14.87 


was obtained. 


pleurals are less certain), but not for females (Table 8). The mean differences 


in bristle number between reciprocals were: abdominal bristles females 1.15, 


males 1.79; sternopleurals females 0.37, males 0.40. 


The variances within cultures are small (Table 9), their pooled values are 
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n those found for both the original strains and the inbred lines (see 
il heterogeneity, if there is any, within the Ia offspring 
me magnitude as within the parental inbred lines, 
from the two lines that 


The genetic 

ot the si 
as genetical differences are added 
cross. In spite of this, the variances in I*, are lower than those 


i 


This can only be explained by the assumption that the 
imals have a better resistance against environmental influen- 
in intraculture variance between I, and the group of in- 
ng generations with the lowest variance is significant for abdominal bristles 
further proof for that the sternopleurals are less 
Table 10. 


for intraculture variances of the I, crosses two 


or sternopleurals 


breeding than the abdominal bristles), see 


1. crosses between lines coming from the Orebro 
crosses between lines of the Orebro strain and the inbred Florida 
ifferences in variance between these groups as seen from 

1944) found a greater variance in crosses between homo- 


lifferent strains than when the parents represented diffe- 


i 
s has no importance for the environmental varia- 


enoty pe t 


heterozygous he combined analysis in Table 17 gives 
for types and sexes. Interaction again 1s 


conditions prevailing in the 


way. The intraculture variances in F, 


1 as minimum valu f environmental variation, and this 


considere 


males and greater for sterno- 


were raised from all | 
animals were usually a little lower than mid- 


difference from midparent 


CTOsses. The 


greatest 


s of males, which group also in I 


tle numbers does not give the same result 


bristle 
RoE As the difference between Y 
, one should expect significant differen- 

But for abdominal bristles there 


rences neither for males nor for females, whereas for sterno- 
differences appear in both sexes. However, I, has greater 
hin and between cultures than has I, and this might 
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Table 8 


Analysis of variance of bristle numbers in F, (after log. transformation). 


| 
variation | Abd. br. Abd. br. 2 | Sternopl. | Sternopl. 2 
Ms. f.{ Ms | Dé. M.s. Mes. 


Between diffe- 
rent line-com- 
binations ... 8 83422 | | | 7.83862 

Between reci- | 
procals within 
combinations .| 38175 0.23025 6.00525 

Between cultu- | 
res of the same} 
40 | | 0.237887" | c.24915*** 40 0.49202" 

Within cultures | 1028 |  c.0&257 | 1014 | 0.09059 | 1014 0.11670 

For male sternopleurals the ratio for “between reciprocals” is not significant against its m. sq. for “be- 
tween cultures”. However, against the pooled m. sq. between cultures for all the four groups, 0.30024, 


Table 9 


lariances within cultures in F, (after log. transformation). 


Combination | Pooled | 


dj. d.Fl. | f.j. value 


. 
| | | | | 
0.05787 | 0.08559 names | €.07004 | 0.09168 | 0.07030 | 0.13590 | 0.07001 | 0.08087 | 0.08257 | 


.11904 | €.07518 | C.O8152| 0.07888 | 6.12200 | G.10761 | 0.10290 | 0.06409 


0.08380 | 0.0G059 | 


| | | 
9.13989 | C.08278 | C.10270 | C.11532 | C.13020 | 0.11345 | 0.15639 | 0.12891 


0.10395 | 0.11670 | 


| 
| 
.10263 | G.0835% | 0.08340 | 0.10503 | | 0.07649 | C.0921G | 0.08467 | 0.07382 | C.08883 | 


Each combination includes crosses in both directions, where such are available. 


Table 10 


Ratios and P-values for comparisons between intraculture variances: F, versus 
original strains and group of inbreeding generations with the lowest pooled 


variance. (For these values se fig. 4.) 


Type of bristle 


Abd. br. 29 | Abd. br Sternonl. 22  Sternonl. 42 


Original strains/F; |¢c.1 1019 ... 10.120 |0.15504 6.19126 
9.12033 — 7 | 0.15594 — 76 = 
Lowest variance 1n]0.08257 0.09059 | 0.08883 0.11070 


group of inbreed-j|0.10772 ...|0.1130 ... | 0.09506 O.1211T 
| — 1 26 303 ; = 1.07 P >o2| 


ing generations / Fy 0.08257 0.08883 | 0.11070 


tne ratio 18 2.22°. 
- 
ot bristles | 
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= P> > | 


MARIANNE RASMUSON 


nask any differences between reciprocals and explain the failure to find them 
for abdominal bristles. 
Concerning the sternopleurals, one of the combinations seems to contribute 
uch more than the others to the differences between reciprocals, viz. b X j 
b. If this combination is omitted in the analysis of variance the significant 
lifferences between reciprocals disappear both for males and females. A 


priori 


| one has no right to omit one of the combinations, but a closer scrutinizing 
lables 7 and 12 reveals that all the combinations with line j stand out from 


the rest. The bristle numbers are throughout higher in crosses where the mother 


has come from line j than in the corresponding reciprocals. This holds both for 
and I, and suggests that some maternal factor from line j increases the gene- 
tle forming ability. A statistical analysis as to whether the differences 


crosses with mothers from line j and their reciprocals do significantly 


from 0 was undertaken. In this was included the crosses b X j 


and 
and their reciprocals (the crosses d & j, Fl X j and j & Fl having given 
tispring), as well I, as I, and all the four groups, abdominal bristles males 


sternopleurals males and females. This gives 16 values in all. 


was used to make the comparisons possible over the different 


The analysis gave a difference of 0.2329 + 0.1681 (log. scale) 
1.385. The P-value lies between 0.2—o0.1 and the difference is thus 
icant. Howeve r, in I5 out of 16 cases the crosses where the mothers 
line } exceeds their reciprocals and 8 to 8 should be expected if th 


randomly. The z7*-value for this distribution is 12.25 and 


be seen whether the differences between reciprocals found for 


I, also were caused by the j-crosses. An analysis of variance 
crosses were omitted gave, however, the same P-values as before, 


0.0017**+ for abdominal bristles and P 0.2 for sternopleurals but 


when th d mean square between cultures was used. It is thus 


Table 11 


itracuiture variances F TOSSES. 


M.s 


0.00305 0.00824 0.02030 


0.05980 0.04539 0.01952 0.03540 


0.03175 0.03310 0.0233 0.02715 
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208 
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~- 
: 
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BRISTLE 


F,-means after crosses 


NUMBER OF 


Table. 


between inbred lines. 


DROSOPHILA MELANOGASTER 


Type 
of bristles 


| 


b Xj |b X Fl 


dX f 


| 
dX Fl) Xj | 


d Xj | | 
| 


Mean dif f.| 


Fl) from 


| midp: trent} 


| 
| 
| 


Abd. br. 
Re 


Midparent 


44.10 
45.22 


43.92 


43.43 | 40.51 


38.86 


47.30 | 40.32 
43-07 | 44.07 


40.68 
40.37 


36.01 
38.47 


41.35 


And: Bt. SS 


Recipr. 


Midparent 


Sternopl. 2 


Recipr. 
_Midpi irent 


34.03 | 


35.85 | 
34.37 


35-09 


35-79 
35.76 


31.82 


33.00 | 
32.40 | 


33.10 
32.88 


16.43 | 17.60 


18.92 | 


17.00 


17.69 | 17.86 


15.13 


— 0.079 


| Sternopl. 2 4 
i— 


Recipr. 


| Midparent 


Analysis of 2 


17.18 
16.33 


| 


15.43 16.90: 


17.37 
16.82 


15.5 
14.023 


17.05 


10.32 | 


Table 13 


variance of bristle numbers in F, 


14.62 
14.62 


(after log. transformation ). 


Source of 
variation 


Abd. br 


Type of bristles 


M.s. 


M.s. 


D.f. 


Sternopl. 
M.s. 


Between diffe- 
rent line-com- 
binations 

Between reci- 
procals within 
combinations 

Between cultu- 
res of the same 
kind 

Within cultures | 


“ariances 


14.81435°° 


0.84012 


0.07712 
0.15788 


within 


cultures in F, 


7.00350 


0.17437 


Table 14 


56 0.41021 


1381 


0.15544 13 


10.03000°° 


0.43843" 
0.17740 


50 


387 


(after log. transformation ). 


Type 


Combination 


| Pooled 


of bristles 


b.Fl. | 


value 


.17905 | 
.28054 | 


D. 12792 


17322 | O. 


19060 | ©. 


Each combination includes crosses in both directions, 


533 


0.14599 | 0.16066 


| 0.2¢ 083 


0.10632 | 
0.10403 
0.14244 
0.13758 | 


C.20124 
0.15276 
0.22405 


0.19844 | 


C.12529 | O. 19818 


0.10515 | 0. 
0.15701 | 


0.140009 | 


32801 | 0.15013 


| 


16053 | 


| 0.09377 


C. 


where such are 


0.11780 | 


0.18684 
0.11045 
0.09244 | 0.15544 
0.10692 | 0.17740 


oO. 15788 | 


available. 


| 


0.17437 | 


200 

: 

| Cross| | | | 

| | 
= =—s 8.46 | | | 
....| 41.04 | 37.91 — | 3346| | 

| | 40.02 39.77 41.67 | 

| | | 
| 32.10 | 34.32 | 32.14); — | 31.46 | | 34.40 | 
| | 33-10 | 34.01 | 32.40 31.06 34.05 | + 0.285 | 
| 34:71 | 35.20 | 33.22 33.78 34.27 | 

| 17.35 | 17.20 | 5.30 | — | 15.14 | | 15.14 | 
7 20 | ye c | 

17.35 1 | 15.47 | 15.36 | 15.65 | 15.10 | 15.36 | + 0.110 | 

\ ......| 17.75 | 17.46| | 15.19 | 15.42 | 15.58 | 15.12 | 15.20 Be 
| - ec | ~ | 
| | 15.50 —- | 14.04 14.17 | 15.54 | 

......| | | 15.12 | 14.38 | 14.87 | 
| 
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| 
| 
| | | | 

| | | | | 
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rences between reciprocals do not exclusively depend on 


14 and 15 show s of the intraculture variances and the 

he combinations in most cases have signi- 
on. This is an expression for the fact that the 
genetical constitution. The more alike the 


neity of these valu 
it values of variati 
re the possibilities for segreg and 
f there are greater dissimilarities between the 

- parental | he segregation has a wider range and the vari- 


r value. 
Orebro lines and crosses between 


‘ison between crosses 

No such difference was 
crosses with Florida have the 
r genetical differences among the 
lorida and the three lines with which it has 
it can be seen from Table 14 that the crosses with 


must therefore have a divergent geno 


; ariances (Table 17) indicates 
found for combinations, possibly also 
the clear differences found in F,. 
pooled variances of I, and the variances of the 


| values for abdominal bristles but 
It seems likely that some of the 


ive been reestablished already in 


sternopleur 
inations of the 
over the values of the original 


They were all raised from single 
tle numbers gave significant dif 
The differences between cultures 


genotypes of the parents of each culture and 
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Man in these cases ( see fig. 3). The pooled vari- 
bdominal bristles females 0.17262, males 0.19104; 
males 0.16913. As was the case for I, the 
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Table 19), It is obvious that the conditions 


d. This is also seen in the combined 
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Table 15 


Test of homogeneity of intraculture variances in F2-crosses. 


| lype ot bristles 
Degrees |~ Abd. br. | Abd. br. 
|of freedom 99 29 


| 
Ms. | Ms. | Ms. | Ms. 


Sternopl. 


Sternopl._ 
Source of variation rnopl. 


Between main groups: 


Or X Or versus Or X FI I | 0.26458" | 0.01250 0.43852 0.408 49" 
Between different  line- 

combinations within main 


\Vithin combinations .... O4 | C.05121 C.04161 C,02342 C.03086 


Table 16 
Ratios and P-values for comparisons between intraculture variances: I’, and F 


versus original strains. 


Abd. br. 


O.15788 C.17437 _ 


| Fy / original strains > 1.433 1.449 
| | C.12033 
F, / original strains 1.588 
G.1101G 


Sternopleurals 2 @ Sternopleurals 4 


Original strains / F2 = 1.003 P > 0.2] > 


C.15544 ©.17740 
‘ C.15504 0.19126 
C.13637 c.109013 


Table 17 


Combined tests of homogeneity of intraculture variances in F,, F, and F 


Source of variation 


Types of bristles ......... I 0.33289" 1| ©€.04457 C.03793 


| ) 
I 0.06479 I ©.00625 I 0.28439 
| | 
Within subclasses .........| 224 C.03020 288 0.04044 | 280 0.05255 
Between Or X Or and Or X FI 4 0.02124 | A 0.29002 4| 0.02493 
Between combinations ......} 28 0.04078 28 0.13007*** 28 0.166117** 


} Within combinations 0.02885 | 2506 C.03077 24 0.04017 


| 
) 
| 
| 
| 
| 
D.f. M.s. M.s. D.f. M.s. 
ag 
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analysis of homogeneity of I, variances which gives no differences for types 


and sexes but a high interaction term, as by the inbred lines (Table 17). 


Hl. CONCLUSIONS 


By the rearing of a number of inbreeding lines from a common source pri- 


arily a division of the hereditary material of the original population on the dif- 


ferent lines of descent takes place. This division is phenotypically manifested by 


litferences in means of quantitative characters, in this case bristle numbers. 


\fter about ten generations of brother-sister mating the means of the lines 


seem to be rather well established. except for the unavoidable environmental 


iluctuations from generation to generation. However, genetical differences may 
persist considerably longer as the selection experiment with line i shows. 


When crossing the inbred lines with one another the offspring gets a mean 


little higher than midparent. Heterosis thus occurs with regards to bristle 


bers, though its effect is unimportant compared with the genotypically 
onditioned differences between the lines. This is also the case when the dif- 
ferences found between reciprocal crosses are concerned, whether these are to be 


ittributed to genes in the Y chromosome or some kind of cytoplasmic effect. 


tion between generations as well as within generations tends to decrease 


with inbreeding as a consequence of the decreasing heterozygosity, But as seen 


from fig. 5 there seems to be a slight increase in intraculture variation during 


the first five generations. This is in agreement with the theoretical calculations 


by ROBERTSON (1952), who attributes this increase to the fact “that the 


lation due to recessive genes at low frequency will increase with inbreeding 


|’ (the inbreeding coefficient) is about 0.50 and may not return to its 


original value until F reaches close to 1.” It seems as if this kind of unbalance 


is passed after about ten generations, for thereafter no further decrease in 


variation of abdominal bristles seen in some of the 


h hat inhr 1; 


ows that inbreeding is no absolutely certain method of getting a pheno 


typically homogeneous population even after many generations of strong in- 


breeding. This is in agreement with the findings of PEAsE (1948), RasMUSSON 


949) and others. Behind this increased variation there must in the present 


ise lie firstly a certain gene (or a few genes) that reduces the bristle number, 


an interaction between this gene and the total genotype which determines 


netrance, and thirdly an environmental influence. The findings indicate 
that late adjustments of the genotype may repress the bristle reducing effect 
seen by the decrease in variation of line g between generation 20 and 60 and 
he much later of line b). The environmental influence may of course assert 


tself at any time during the development of the individual, but the selection 
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abdominal bristles of line b, which indicated that the mean 
bristle number of the offspring was depending on the phenotypes of the parents, 


experiment with 


makes an influence already during the egg stage most likely. 

The minimum variation within cultures is found in the I, offspring from 
crosses between the inbred lines. The decrease that occurs at the transition from 
the homozygous stage in the inbred lines to the heterozygous stage of the I’, 
animals is wholly taken from the nongenetical variation, as the genetical dif- 
ferences within the lines by that time can be supposed to be 0, and in any case 
cannot be diminished by the outcross. The heterozygosity must by itself make 
the individuals more resisting to environmental fluctuations. Supposing that 
some incident affects one of the alleles in a particular way, for instance to 
diminished production of a specific substance, the other allele may in a heter- 
ozygote make up for this loss as it is not identical to the affected allele and 
hence does not itself need to be affected in the same way. If both alleles on 
the other hand are identical, as in a homozygote, they must react alike and 
cannot compensate each other. 

A similar argument may also explain why the males as a rule, and especially 
in populations where the animals are heterozygous, are more variable than the 
females. Drosophila melanogaster has 4 pairs of chromosomes, and of these the 
sex chromosomes contribute with about 1/5 of the total length. MATHER (1944) 
and BariGcozzi (1951) have shown, and it appears from the present investiga- 
tion, that the Y chromosome containes genes that affect quantitative characters, 
in this case the bristle number, But as only a small part of the X and Y chromo- 
somes are homologous most of the genes of the sex chromosomes must be un- 
paired in males. ‘rom this follows that the X-—Y pair has no possibility to 
effect the cooperation between alleles that gives the paired genes a greater power 
of resistance against environmental influences. 

lf this hypothesis is correct, the conditions should be inverted for those groups 
of animals where the female sex is the heterogametic one. An estimate of the 
relative variation (calculated after the same log. transformation as used for 
the bristle numbers) of males and females within populations has been under- 
taken on the butterfly Lymantria dispar using the values of length of larval 
period and wing length given by GoLpscHMIpDT (1933). It is obvious from 
Table 18 that the female variations in these properties are the greater, as would 
be expected from their XY genotype. The decrease in variation when passing 
from the pure lines to the I', after crosses between them can also be seen for 
the wing length. Some values given by Hutr (1929) for the coefficients of 
variation for different bones from legs and wings of Leghorn fowl point in 
the same direction, inasmuch as the coefficient of variation in every one of the 
13 cases is greater for females than for males. The values given by SCHNEIDER 
& Dunn (1924) on bone length of White Leghorn fowl also support the hypo- 


theses as the range is greater for females than for males in all cases and the 
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Vale and female variances (after log. transformation) within populations 


of Lymantria dispar. 


Variance 
ratios 


\ ariance Variance 


Length of period 
0.0041 0.03501 


C.12103 2 0.00419 


Wing 
C.08203 


¢.07 487 


iation in 4 cases out of 6, although the means are higher for 
y the original values in these cases are not available for 
ion of relative variation by means of logarithmic transformation. 
in variation found between homozygotes and heterozygotes 
and females can also be compared with the investigation 
1936) concerning variation of diploid and tetraploid toma 
1 lines, two diploid and two tetraploid (arisen from 
loubling of the diploid ones) for variation in weight of 
d embryos. In both cases he found that the varia 


than that of the tetraploids. In another experi 


hts of two I, populations, one diploid and one 


plant, part of which had 

each plant were weighed, 

) within plants. This variation as well as the 
ficantly greater for diploids than for tetra 
mbryos shows it the differences in varia 
in growth rate but to differences in original 
nent with the fruitweights shows that the 
riation, as also the variation within plants 
infers from these facts: ““Genes deter 


of the organism. During their action circumstances may 
genes fail to have full effect, but four are sufficient for 
more complete action, It is suggested that a process of this kind 
for the effect observed. In any Cast this must take place in 

of development. 


that two different alleles in a pair give a bet 


gene action towards environmental influences 


Kind of population 

F, after crosses between races 792 1.325 
F, after crosses between races..| 1133 |  ©.16123 4200 2.153 
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than two identical do, but also that four genes of the same kind are more stable 
than two, which in turn are more stable than one unpaired gene. 

Studies of non-genetic variation are as yet very few, but they may have a 
practical value, as it is often desirable to get phenotypically homogeneous po- 
pulations. From the present investigation it seems clear that inbreeding does 
not always lead to greater homogeneity, that I°, offspring from crosses between 
pure lines are less variable than the pure lines themselves, and the homogametic 
sex less than the heterogametic. 

The fact that the sternopleurals as a rule are more variable in number than 
the abdominal bristles may depend on their less distinct range of distribution. 
Also their variation in length is much greater than that of abdominal bristles. 
There are always some big bristles in the upper part of the region and the small 
ones are found below and between these. This might be caused by different 
time of initiation or different supply of some required substance. The abdominal 
bristles are much more fixed both in distribution and length. The material basis 
for bristle formation seems to be more evenly distributed for the abdominal 
than for the sternopleural bristles. 


1. The bristles on the ventral side of the fourth and fifth abdominal segments 
and the sternopleural chaetae were counted on 4 wild type populations of 
Drosophila melanogaster. 

2. Irom one of these populations 10 inbreeding lines were derived by brother- 
sister mating, and bristle counts were undertaken during the first 20 genera- 
tions. After the 60th generation of inbreeding the counts were taken up again 
on 5 remaining lines, 

3. Crosses were made between the inbred lines and bristles were counted 
on the I°., and F, offspring. 

4. Differences were found between the bristle means of the wild type popula- 
tions except for female abdominal bristles. Between the inbred lines there were 
great differences in means. The I*, crosses showed some heterosis for bristle 
numbers, and significant differences between reciprocal crosses were found for 
males. It is suggested that these differences are due to genes in the Y chromo- 
some. A cytoplasmic effect on bristle number was found in one of the lines. 
It is shown that temperature and crowding affect the bristle number. 

5. To be able to compare the variation of populations with different means 
the logarithmic transformation was used. Variation was compared in analysis 
of variance using the logarithmic values of the variances. 

6. Variation shows no difference between the original strains except for 
20 A. Z. 
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ernopleurals. Ordinary laboratory breeding does 
7 


+ | 
t 


not influence the 


to at least 50 generations. 


ling in most cases reduces the variation after a slight increase during 


e generations. After about 10 generations the variation 1s stabilized 
the values of the original strains. 


ount of variation in the inbred lines seems to depend on their geno- 
s a significant heterogeneity of intraculture variation between the 
female sternopleurals, Some of the lines show a variation in 
stle number much higher than that found for the original strains. 


ction experiments undertaken with one of the inbred lines showed that 


rences in sternopleural means could be obtained after 20 generations 
As regards abdominal bristles, one line, inbred for 64 genera 
abnormally high variation of these bristles, could be separated in a 
| a low line with significantly different means after one single genera 
lection and these lines could be reverted after one generation of counter 
is inferred that genetical heterogeneity does not account for the 
inal bristle variation, but some genetical factor in cooperation with 
influences during egg stage. 
Variation within cultures is lowest in the I, offspring from crosses 
ul 


vw inbred lines. Ther 
Males art 


minal bristles. 


are no differences in variation between the 


more variable than females and sternopleurals 


riation within cultures increases in T°, and I’, after the crosses, especi- 
abdominal bristles. Differences in variation are obtained between 
mbinations, due to diverse degree of genetical concordance between 
parental lines of the crosses. 


12. It is conclu 


ina be 


led that the partners in a gene pair can establish a cooperation 


tter resistance against environmental influences. This coopera- 


s less effective in homozygotes than in heterozygotes where the partners 


wt identical. The unpaired genes in the X—Y pair of the heterogametic 
akes the variation due to environmental causes greater in this sex than 
‘tic one. This is correlated with 


are less variable than diploids. 


hon 


FABERGE’S observation that 


LITERATURE CITED 


ne Examples of Statistical Methods of Research in Agri- 
Journal of the Royal Statistical Society, Suppl. 4: 137. 
Transformations, Biometrics 3: 39—52 


S. & Kenpat, D. G. 1946. The statistical Analysis of Variance-Hetero- 
1 the Logarithmic Transformation. J 


urnal of the Royal Statistical 


: 
) 

a 

the first fi 
‘on 

4 
nere 
nes | ) 

<lominal 
: 
2 a 
of in 

on 

33 
select 

4009 
Detwee 

ne comb 

ore than ab a 
. 

11 
ily 
il \ 
+} 

ne 

+ 
the 

: 

28 

ire 1 
SCX 
witure and ] 
culture and Applhie 
1947 The Use of 
Society, Suppl. &: 128—136. 
30 


307 
BRISTLE NUMBER OF DROSOPHILA MELANOGASTER 


. Even, T. & Yates, F. 1933. On the validity of Fisher’s z-test when applied to an 


actual example of non-normal data. Journal of Agricultural Science 23: 6—17 

Fapsercrt, A. C. 1936. The physiological consequences of polyploidy. II. The effect of 
polyploidy on variability in the tomato. Journal of Genetics XXXIII, 3: 383—390. 

GOLDSCHMIDT, R. 1933. Untersuchungen zur Genetik der geographischen Variation. V1. 
Die geographische Variation der Entwicklungsgeschwindigkeit und des Grossen 
wachstums. Wilh. Roux’ Archiv fur Entwicklungsmechanik der Organismen 130, 
Band 2: 266—339. 

Heuts, M. J. 1949. Fertility in relation to quantitative characters in a homozygous 
Drosophila strain. Genetica XXIV : 535—538. 

Hurt, F. B. 1929. Sex dimorphism and variability in the appendicular sceleton of the 
Leghorn Fowl. Poultry Science VIII, 4: 202—218. 

Livesay, E. A. 1930. An experimental study of hybrid vigor or heterosis in rats. 
Genetics 15: 17-—54. 

MATHER, K. 1941. Variation and selection of polygenic characters. Journal of Genetics 
ALI, 2—3: 159—193. 
1942. The balance of polygenic combinations. Journal of Genetics NLIIT, 3: 309—336. 
1944. The genetical activity of heterochromatin. Proceedings of the Royal Society, 
B, 132: 308—332. 
1949. Biometrical Genetics. Methuen, London, 162 pp. 

MaTHER, kK. & WiGAn, L. G. 1942. The selection of invisible mutations. Proceedings of 
the Royal Society, B, 131: 50—64. 

Pease, M. S. 1948. Inbreeding in poultry livestock improvement. Proc. 8th World’s 
Poultry Congress : 33—45. 

Rasmusson, J. M. 1949. Inbreeding and hybrid vigor in the improvement of swedish 
sugar beet. Heredity 3: 125. (Abstract.) 


ROBERTSON, A. 1952. The effect of inbreeding on the variation due to recessive genes. 


Genetics 37: 189—207. 

SCHNEIDER, M. & Dunn, L. C. 1924. On the length and variability of the bones of the 
White Leghorn fowl. The Anatomical Record 27, 5: 229g—230. 

Snepecor, G. W. 1948. Statistical Methods. The Iowa State College Press, lowa, USA, 
485 pp. 

Wican, L. G. 1944. Balance and Potence in Natural Populations, Journal of Genetics 
XLVI: 150—160. 


5. 
6 
7: 
8. 
0. 
| 
14. 
15. 
16. 
31 
. 


